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PREFACE 


4 . hat his handbcok constitutes Part Three of a planned series on Military Pyrotech- 


niC@beforrns part ofthe Engineering Design Handbook Scries of the Army Mate- 
riel COWmiud. Par. Threé*is devoted to the presentation of data on the principal 
ingredients™qgmerotechnic compositions. The information is presented on data 


sheets, raprest™ total of 128 ingredients. The data presented here have been 


collected from many eee mes ard excre intended fe facilitate reference and the mak- 
ing of calculations by cHUR iim, engineers ang phyvzicists in the field of pyrotech- 
nics. A single reference list™"@Ming the main sources of data, is included and 
each reference is keved in by number "pied Maaroriate entries on the data sheets. 
References that pertain only to a specific data sheC™OROUMMMBBEG. at the end of the data 
sheet, under Additional References. " ee Bi 


? 


Part Two, a separate handbook with the same date of publication, deals with 
the problems of safety in the pyrotechnics laboratory and piant, processing proce- 
dures and equipment, particle size procedures, and contains a giossary of terms. 


Part One, under preparation at the time of publication of Parts T'wo and Three, 
wiil deal with the physical and chemical theoretical aspects of the production of 
pyrotechnic effects, and the application of the theorv to practice. It will also in- 
clude a history of tle pyrotechnic art and an extensive bibliography. 


4, future volume, currently in the planning stage, will be devoted to discussion 
of methods used in the evaluation of pyrotechnic items, determination of their com- 
pliance with the requirements of the using services, special equipment and proce- 
dures which are followed in tests and evaluation, and considerations affecting the 
interpretation of results. 


Material for Parts Two and Three was prepared by McGraw-Hill Book Company 
for the Engineering Handhook Office of Duke University, prime contractor to the 
Army Research Office--Durham. The entire project was undex the technical guid- 
ance of an interseivice committee, with representation from the Army Chemical 
Center, Ballistice Research Laboratories, Frarkford Arsenal, Harry Diamond 
Laboratories, Picatinny Arsenal, U.S. Naval Ammunition Depot (Crane), U. S. 
Naval Ordnance Laboratory, and U. S. Naval Ordnance Test Station. Chairman of 
this committee was Mr. Garry Weingarten of Picatinny Arsenal. 


Agencies of the Department of Defense, having need for Handbooks, may sub- 
mit requisitions or official requests directly to Equipment Manual Field Office (7), 
Letterkenny Army Depot, Chambersburg, Pennsylvania. Contractors should sub~ 
mit such requisitions or requests to their contracting officers. 


Comments and suggestions on this handbook are welcome and should be ad- 
dressed to Army Research Office--Durham, Box CM, Duke Station, Durham, North 


Carolina 27706. 
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* Abbreviations and symbols in the following data sheete generally correspond to those in 
Chemical Abstracts. 
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amorphous 

Analytical Chemistry 

Anaiytica Chimica Acta 

Annalen der Physik 
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American Society for Testing Materials 
atomic 

average 

atmosphere(s), atmospheric 

length of side (X-ray data) in Angstrom units 
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Bureau of Mines, Dept. of the Interior 

black powder 

tolling point 
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Br. Chem. Abstr. 
Bull. Am. Ceram. Soc. 
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C.A. 

cal. 

Can. J. Technol. 
ce. 

Chem. Eng. News 
c.f.m. 

Chem. Eng. Prog. 
lone 

Chem. Revs 
coefi. 

compn. (5) 


Compt. rend. 


concd. 
concn. 
C.P. 
cryst. 
cu. ft. 
d. 
DDTA 
decomp. 
dil. 
diln. 


British Chemical Abstracts 

Buil:-tin of the American Ceramic Society 
crystal(s) 

length of side (X-ray data) in Angstrom units 
Chemical Abstracts 

calories(s) 

Canadian Journal oi Technology 

cubic centimeter(s) 

Chemical and Engineering News 

cubic feet per minute 

Chemical Engineering Progress 

Colour Index (refs. 48 and 48A) 
Chemical Reviews 

coefficient 


compositions 


Compte rendus hebdomadaires des Séances de l'Academie de 
Sciences, Paris, France 


concentrated 

concentration 

chemically pure 

crystalline 

cubic foot 

density 

derivative differential thermal analysis 
decomposes 

dilute 

dilution 
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| DTA differential thermal analysis 
| equil equilibrium 
i equiv. equivalent 
| est. estimate 
estd. estimated 
| f. p.m. feet per minute 
g: gram(s) 
HC Hexachloroethane Smoke Mixture 
HL high explosive 
tcc Inter state Commerce Commission 
LC.T. International Critical Tables (Ref. 42) 
Ind. Eng. Chem. Industrial Engineering Chemistry 
ingol. insoluble 
icv. intravenously 
J. Am. Chem. Soc. Journal of the American Chemical Society 
J. Am. Ceram. Soc. Journal of the American Ceramic Society 
| J. Appl. Polymer. Sci. Juurnal of Applied Polymer Science 
J. Chem. Phys. Jovrnal of Chemical Physics 
J. Chem. Soc. csournal of the Chemical Society (London) 
J. Colloid Sci. Journal of Colloid Science 
J. Electrochem. Soc. Journa) of the Electrochemical Society 
J. Franklin Inat. Journal of the Franklin Institute (Philadelphia) 
J. Phys. Chem. Joarnal of Physical Chemistry 
J. Research NBS Journal of Research of the National Bureau of Standards 
J. Soc. Dyers Colourists Journal of the Society of Dyers and Colourists 
k- kilo 
Keal. Kilocalorie 
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m., m. 


M.A.C. 


manuf. (g) 

M.C.A. 

Mem. artillerie frang. 
Mém. poudres 


mg. 


p-p.m. 
press. 


Proc. Roy. Soc. 
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kilogram 

liquid 

liter(s) 

lethal dose ° 
liquid 

meter, cubic meter 


Maximum Allowable Coucentration (based on continuous 
exposure for an 8-hr. day) 


manufacture, manufacturing 
Manufacturing Chemists Association 
Memorial de l'artilierie frangaise (Paris) 
Mémorial des Poudres (Paris) 
milligram(s) 

minimum 

minimum lethal dose 

millimeter 

molecular 

melting point 

nitroglycerine 

Ordnance Safety Manual 

Picatinny Arsenal 

Picatinny Arsenal! Technicai Report 
powder 

powdered 

parts per million 


pressure 


Proceedings of the Royal Society (London) 
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Rec. trav. chim. 


Rev. 

R.H. 
rhbdr. 
rhomb. 
R.IL. 

R.T. 

satd. soln. 


tech. 

temp. 

TGA 

Trans. Faraday Soc. 


pounds per square inch 
part 
pyrotechnics 


Recueil des Travaux Chimiques des Pays-Bas (Dordrecht, 
Netherlands) 


revision 

relative humidity 

rhombohedral 

rhombic, orthorhombic 

report of investigation (followed by number) 
room temperature 

saturated solution (hygroscopicity determinations) 
System (used with Ref. 44) 

slightly 

soluble 

solubility 

specification 

specific gravity 

Society of Plastic Industries 

static 

Standard Temperature and Pressure 
supplement 

temperature 

technical(ly) 

temperature 

thermogravimetric analysis 


Transactions of the Faraday Society (Aberdeen, Scotland) 


vili 


wc: 


T.P. transition point 


U.L. Underwriters Laboratories, Inc., Bulletin of Research 
U.N, United Nations 
vac. vacuum 
voi., V. volume may 
wt. weight 
i 
Zeit. anorg. Chem. Zeitschrift fur anorganischa und allgemeine Chemie 
" 2. Elektrochem. Zeitschrift fur Elektrochemic und angewandte physikalische 
Che mue (Berlin) 
Zeit. Physik. Zeitschrift fur Physik 
yg Zher. Fiz. Khim. Zhurnal Fizicheskoi Khimii (Journal of Physical Chemistry, 
i Moscow, U.S.S.R.) 
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ACETONE, (CH,),CO Refs. -_ 
(Dimethyl Ketone, B-Ketopropane, 2-Propanone, Pyroacetic Ether) | — i 
0 | 
Structural Formula: H,c-6-CH, : 
Specification No.: JAN-A-489 
Meiecular Weight: 58.038 | 
Crystalline Form: liquid 
Color: colorless 
Density, g./ml.: (liquid) 0.792 at 4-20°C Pe) 
Coefficient of Thermal Expansion, cubical at 20°C: 1.487 « 10-* | 1 H 
cubical at 0-54°C: V, = Veo (1 + 1.8240 + 3.8090t-* - 0.87988t"*) 1 | 
Heat of Formation, Keal./mole at 298°K: (liquid) -59,240 Addnl. Ref. 4 = 
: Free Energy of Formation, Keal./mole at 298°K: -37,120 Addnl. Ref. 5 
. Entropy, cal./deg./mole at 298°K : 47.9 Addul. Ref. 5 = 
at B.P. (ideal gas): 127 Addnl. Ref. 6 i: 
Melting Point: 177.6°K (-95.5°C) 1 j 
Heat of Fusion, cal.(15°) /g.: 23.4 1 
Boiling Point: $29.5°K (56.5°C) 1 a 
Heat of Vaporization, cal./g. at 56.1°C: 124.5 1, 42 a 
. cal./mole:. 6952 +1 Addni. Ref. 7 ura 
Transition Point: — 
Heat of Combustion, Keal./mole at 20°C and aS 
1 atm.: 426.8 1 yl 
Heat of Sublimation: — 
Autoignition Temperature, in air: 700°C. 71 ; 
‘ 1113°F 15 
Enthalpy Change of Enolization at 25°C: Addnl. Ref. 2 heed 
Me,CO (liquid)-+CH, = CMeOH (liquid) Kceal./mole: 7 : 
HEAT CAPACITY OF ACETONE | - 
Set I, Reverse-flow Calorimeter, 760 mm. Addnl. Ref. 1 a 
t, °C 61 75 90 105 | 
T, °K 334 348 363 878 
¢, cal./g./deg. 0.375 0.374 0.880 0.884 : 
C,, cal./mole/deg. 21.8 2u7 22.1 22.3 
t, °C 120 135 155 165 | 
T, °K 898 408 428 438 id 


c,, cal./g./deg. 0.890 0.898 0.416 0.420 cee 
C,, cal./mole/deg. 22.7 28.1 24.2 24.4 ae 
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Avatene, (CHy) CO (page 2) 
Set Ii, Direct-flow Calorimeter, 760 mm. 


t,°C 59.4 74.6 99.1 149.4 
T, °K 332.6 347.8 372.3 422.6 
e,, cal./g./deg. 0.376 0.374 0.380 0.406 
C,, cal./mole/deg. 21.8 21.7 22.0 23.6 


See also Addnl. Ref. 8 


Decomposition Temperature and Products: Between 506° and 682°C, the. prod- 
ucts of decomposition are about 44 saturated hydrocarbons and hydrcgen, 
¥% CO, and the remainder CO, and ethylene. 


Vapor Pressure: 


Press. mm. 1 10 40 100 400 760 M.P. 
Temp.°C -59.4 -31.1 -9.4 +77 $9.5 56.5 -94.6 


X-Ray Crystallographic Data: 
Interatomic Distances and Molecular Configuretien 

C-C 1567+ 0.04A <C-C-O 128° 
C-O 1.14 Planar 
C-H 1.09 

Hygroscopicity : 

Solubility Data: Miscible in all proportions with water, alcohol, ether. 

Soluble in chloroform. 


Health Hazard: Prolonged or repeated inhalation or contact may have a variety 


of harmful effects although cases of serious poisoning are rare. Also has a 
narcotic effect, usually not chronic. 


M.A.C.: 


Safety Classifications: 
OSM: Class I, flammable liquid (flash point below 20°F) 
ICC: Listed under “Explosives and Other Dangerous Articles” as a flam- 
mable liquid; red label 
Underwriters’ Laboratory: 90 (gasoline class) 

Fire and Explosion Hazard: Dangerous when exposed to flame. The vapors 
form an explosive mixture with air; explosive range (% acetone by 
volume) 2.55 to 12.8%. Can be ignited by an electric spark. Reacts vigor- 
ously with oxidizing materials. Forms an explosive mixture with high con- 
centrations of hydrogen peroxide. To fight fire use water, carbon dioxide, 
dry chemical, or carbon tetrachloride. For precautions in storage, handling, 
and dispensing, see Refs. 26 and 14. 

Caution: Keep away from fire. 
Electrostatic Sensitivity: Readily ignited by static discharge. 
Use in Pyrotechnics: as a solvent. 


Additional References:  . 
1) “The Heat Capacity of Organic Vapors. VI. Acetone,” B, Collins et al., 
J, Am. Chem. Soc. 71, 2929 (1949) 
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12, 25, 29, 14 


12, 25, 26, 14, 
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Acetone, (CH,):CO (page 3) 


2) “The Heat, of Hydrolysis of i-Propenyl Acetate and m-Cresy] Acetate 
and the Heat of Enolization of Acetone,” S. Sunner, Acta Chem. Scand. 
11,1757 (1957) 

8) “Thermal Decomposition of Acetone in the Gaseous State,” C. N. Hin- 
shelwood and W. K. Hutchison, Proc. Roy. Soc. A iii 245 (1926). Ab- 
stracted in Br. Chem. Abstr. 

4) “Free Energies of Some Organic Compounds,” G. S. Parks and H. M. 
Hoffman, The Chemical Catalogue Co., New York (1932) 

5) “The Heat Capacities of Isopropyl Alcohol and Acetone from 16° to 
298°K and the Corresponding Entropies and Free Energies,” K. K. 
Kelly, J. Am. Chem. Soc. 57, 1145 (1929) 

6) “The Entropy of Acetone a..i Isopropyl alcoho! from Molecular Data. 
The Equilibrium in the Dehydrogenation of Isopropy! alcohol,” S. C. 
Schumann and J. G. Aston, J. Chem. Phys. 6, 485 (1938) 

7) “The Thermodynamic Properties of Acetone,” R. Pennington and K, A. 
Kobe, J. Am. Chem. Soc. 79, 300 (1957) 

8) “Estimation of the Heat Capacities of Organic Liquids,” A. Johnson 
and Chen-Jung Huang, Can. J. Technol. 32, 421 (1955) 
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Molecular Weight: 46.07 
Crystalline Form: liquid 
Color: colorless 
Density, g./ml.: (liquid) 0.7893 i 
Coefficient of Thermal Expansion, cubical at 20°C:1.12 x 10-3 27 
V, == Vo (1 + 1.012* + 2.20 x 10*) (for 99.38% by vol.) 1,41 
Heat of Formation, Kceal./mole at 298°K —- (gas) -56.24 9 
® (liquid) -66.356 
See Table a 
Free Energy of Formation, Kceal./mole at 293°K: (gas) -40.80 ss] 
(liquid) ~41.77 
See Table a 
Entropy, Keal./mole: (gas) 67.4 9 
: (liquid) 38.4 
See Table a 
a. ENTROPY, FREE ENERGY, AND RELATED QUANTITIES 
‘ETHYL ALCOHOL IN THE IDEAL CaS STATE AT 
1-ATMOSPHERE PRESSURE Addnl, Ref. 5 
& = — 52,260 cal./mole) 
T (5 oe) ss ~Fe aFe * log vK * 
a cal./deg.? eal. ‘deg. -4 F°/R.T. 
°K mole? ——s__—smode”! cal.,/mole* cal./mole"! 23026 
298.16 .... 54.27 . 66.46 68,440 —40,010 29.829 
$00.00... 64.34 66.56 68,560 39,910 29.075 
400 ..... 58.11 F214 75,500 84,810 18.749 
500 ..... 61.42 T7.12 82,970 -28,470 12.447 
600 ..... 64.43 81.76 90,920 ~22,490 8.191 
700 ..... 67.22 86.08 93,310 -16,390 5.118 
aha sive 69.84 90.12 108,130 -10,280 2.796 
dive, wag 72.31 93.92 117,330 ~4030 0.980 
1000~. 2... 74.65 97.48 126,910 +2190 ~0.479 
y Moo..... 76.88 100.85 136,830 -1.675 
, 1200 ..... 79.02 104.04 147,080 14,630 -2.673 
< 1800 ..... 81.07 107.06 157,650 3.517 
1400 ..... 83.03 109.94 168,500 27,170 ~4.239 
1800 ..... 84.92 112.67 179,640 38,410 4.867 
*aF° and K are the Sialiietel, Ae ngs and equilibrium constan'’, res 
tively, for the reaction forming ethy! alcoho! from its elements in their stand rd 
states at T°K. 
4 
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ALCOHOL, C,H,OH 
(Ethyl Aicohol, Ethanol, Methyl Carbinol, Refs. 
Spirit of Wine, Grain Alcohol, Ethylie Alcohol, 
Rectified epirit — 90-95% alcohol) 


Specification No.: MIL-E-468A 
The specification covers grades 1, 2, 5, and 6, of which only grade 2 (min. 
94.9% alcohoi by vol.) is used in pyrotechnics. 
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Aleohol, C:H;OH (page 2) 


Melting Point: 


Heat of Fusion, Keal./mole: 


Boiling Point: 
Heat of Vaporization, Kcal./mole: 
Transition Point: 

Heat of Sublimation: 


Heat Concent or Enthalpy: 


‘See Table b 


Heat Capacity, cal./deg./mole at 292°K: 


See also Addn. Refs. 2 and 5, and Table b 


188.6°K (~114.5°C) 
1.200 

851.7°K (78.6°C) 
9.22 


(liquid) 26.64 


b. HEAT CAPACITY AT CONSTANT PRESSURE, HEAT CONTENT, AND 
RELATED QUANTITIES OF ETHYL ALCOHOL IN THE 


Decomposition Temperature: 
Decomposition Products: 


IDEAL GAS STATE 


(E9 = — 52,260 cal./mole-*) 


H° ~ E3 
T F 
°K cal./deg. 
mole} 


298.16.... 12.18 
800.00... . 12.22 
400 ..... 14.00 
500 ....- 16.70 
600 ..... 17.38 


700 ..... 18.86 


800 ..... 20.28 ° 
900 ..... 21.61 
1000 ..... 22.88 
1100 ..... 23.97 
1200 ..... 25.02 
1800 ..... 25.99 
1400 ..... 26.91 
1500 ..... 27.75 


H? 


cal./mole™! 


48,630 
48,600 
46,660 
44,410 
41,860 


39,060 
-36,030 
--32,810 
-29,430 
25,900 


22,240 
18,470 
-14,590 
—10,630 


AHe * ce 
cal./deg.? 
cal./mole mole? 
56,240 17.59 
~-56,260 17.66 
-57,250 21.00 
-§8,110 24.09 
~58,780 26.81 
-59,820 29.18 
-59,710 $1.25 
-60,000 83.07 
—60,200 $4.66 
60,320 86.06 
60,370 37.28 
'~80,350 88.34 
60,250 39.27 


~60,190 40.08 


——ene 


* a H° is the enthalpy of formation of ethy! alcohol from its elements in 
their standard states at the temperature T. 


burns to CO; and H,O 
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Alcohol, C,H,0H (page 3) 


Vapor Pressure: 


Press.mm. . 1 10 40 100 400 760 M.P. 
Temp. °C -81.8 2.8 +19.0 84.9 63.5 78.4 -112 
X-Ray Crystallographic Data: —_—— 
Hygroscopicity : —- 


Solupiity Data: Miscible with water snd many organic solvents in all propor- 
ions, 


Heatth Hazard: It is not considered an industrial poison, although large doses 
cause nausea, vomiting, impaired perception, lack of coordination, stupor, 
and even death. Habitual use may cause gastritis, delerium tremens, hal- 
lucinations, peptic ulcers, and hepatic cirrhosis. 

Exposure to concentrations of 5000-10,000 ppm. irritates the eyes and 
mucous membranes. Inhalation produces the same symptoms as ingestion. 


M.A.C.: 1000 
Safety Classifications: 
OSM: Class I 
IcC: Listed under “Explosives and Other Dangerous Articies.” Flam- 
mable liquid ; red label. 


Fire and Explosion Hazard : Readily ignited by fil-me or static electric discharge. 
Forms explosive mixture with air. 


Explosive limits in air: 3.28 to 19% alcohoi by vol. 
Flash point: ; 55°F 
Autoignition temperature: 799°F (95% alc.) 


738°F (100% alc.) 
For proper storage and handling see Refs. 
To fight fire use CO;, dry chemical, or CCl,. 
Electrostatic Sensitivity: Can be ignited by static electric:1 discharge. ‘ 
Heat of Combustion, Kceal./mole at 20°C 


and 1 atm.: 327.6 
Viscosity, centipoises at 20°C 
(for ave. alcohol) : 1.22 
Surface Tension, dynes/cm. at 20°C 
(for abs. alcohol) : 22.5 
Use in Pyrotechnics: for shellac solutions 


See Spec. JAN-S-732 


Additional References: 
1) “Thermodynamic Properties of Ethyl Alcohol,” R. C. Reid and J. M. 
Smith, Chem. Eng. Progr. 47, 415 (1951) 
2) “Estimation of The Heat Capacities of Organic Liquids,” A. Johnson 
and Chen-Jung Hnang, Can. J. Technol. $3, 421 (1955) 
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' Aleohol, C,H,OH (page 4) 


&) “Heat Capacities of C,., Aliphatic Alcohols,” G. Sinks and T. DeVries, 
J. Arn. Chem. Soe. 75,1815 (1953) 

4) “Ethyl Alcohol,” U. S. Industrial Chemical Co., Division of National 
Distillers and Chemical Corp., New York (1960) 

5) F. Brickwedde et al., J. Research NBS £7, 270 (1946) 
(thermodynamic data) 

6) “The Technology of Solvents and Plasticizers,” A. K. Doolittle, John 
Wiley & Sons, New Yerk (1954) 


ALUMINUM, Al 
(Alanine ) Refs. 


Specification No. : SAN-A-G87* 
The specification covers three types, which vary in purity, and five ciaases, 
which vary iu granulation end apparent density. 
Type A—fist fakes manufactured by grinding or svamping. 
Type B-—cranular or spheroidal particles manufactured by the stomizing 


Rrodcese or by grinding. 
Type C-- granular or spheroidal perticles manufactured by the 2tomizing 
process. 
sSolecuiar Weight: 26.98 
Crystalline Form: cubic 
Color: silvery white 2 


(liquid* 7.00 
(gas) 4.97 


Density, g./ml.: (so}id) 2.699 at 20°C 1 
ash : (lidhid) 2.382 at 659°C 
Coetficient of Thermal Eypansion: 
____Temp. °C ____ Coefficient Temp. °C + Coefficient | 
idl te 4 16 18 36 x 108 __. 23.14 x et 
a 8 EX 10" 600 BBO K 108 
Heat of Formaticn, cal./mole at 298°K: (gas) 77.50 5 
Free Energr of Formatiov, cal./mole at 298°K: (gas) 67.801 & 
Entropy, cal./dey./mole at 298°K : (ec) 6.769 & 
(gas) 39.30 & 
See Tables a, b, and c - 
Melting Point: 9£2+-1°K 1 659°C} 5 
Heat of Fusion, cal./mole: 2550 6 
Boi'ing Point: 2720 °K (2447°C) 5 
Heat of Vaporization, cal./mole: 10,200 5 
Transition Point: ———- 
Heat of Transition: —~— 
Heat of Sublimation. cal./mole at 298°K : 77,500 5 
Heat Content or Enthalpy, cal./mole at 298.15°R : (solid) 10.94 4, & 
] 


See Table a 
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a. HEAT CONTENT AND ENTROPY OF Al(:, I) 4 
(Base, crystals at 298. 15°R j atomic wt., 26. a 


t , T, oK THe Higgs. Sr re Siss.1 ab He 7 bie: Bee 15 Sr- 
« . cal /mole cal./deg. cal./imole ‘ 
: mole 


a 400...... 600 “"y72 1 1660 ...... 10,880 
es BOO Lk, 1280 oid 1600 ..... 11,530 
; 600 ..... 1890 4.34 1700 ..... 12,230 
: 700 ..... 2580 5.40 1800 . 2... 12,930 
j 800 ..... 3319 6.38 1900 ..... 13,630 
, 900 ..... 4060 7.28 2000 .... 14,330 
982 (ch... 4286 7.50 2160 ..... 15,030 
982 Q) ... 2850 10.26 2200 ..... 15,730 
1000 ..... 38d 10.75 2300 ..... 16,499 
1100 ..... 803° 11.42 2400 ..... 117,180 
7) 1206 21... 87380 12.08 2500 ..... 17,830 
i 1800 ..... + 9430 12.59 2600 ..... 18,530 
1499.2... 16,180 13.11 2700.2... 19,236 
; Al(e): 
' Enthelpy : Hr —- Hope.is = 4.94T + 1.48 « 10*T?- 1604 (0.6 percent : 298° - oe 
Heat Capacity: C, == 4.94 -+2.96 « 10°T; A Ugg (fusion) = 2570 
i ANC): 
: Enthalpy: H+ —Hops,.19 == 7,00 4- 320 (0.2 percent ; 982° - 2706°K) 
} 
i 
| 
‘ Lo 
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Aluminum, Al (page 3} 


b. HEAT CONTENT AND ENTROPY OF Al(g) 4 
(Base, ideal gas at 298.15°K; atomic wt., 26.98) 
T, °K Hy ~ Haos.. Sx — Szeo.15 TK Hy -- Hessia S.- Sos. tn 
cal./mele cal./deg. cal./mole cal.,/deg. 

es ete eee san SRE he tN at ee a ONG a 

490 ..,.. 518 1.49 1900 ..... FIDE 9.27 

FOO ...., 1029 2.62 2000 ..... 8490 9.53 

600 ..... 1520 3.53 2206 ..... $485 10.00 

(|, | 2620 4.30 2400 ..... 2, 2) 10.43 

RO 2... 2520 4.37 2600 ..... bi,deu 49.33 

990 ..... 3020 5.55 2800 ..... 12,47¢ 11.20 o 
1000 ..... 8515 6.08 38000 ...., 13,460 11.54 ¥ 
1100.2... 4015 6.55 3500 ..... 15,950 i2.31 x 
3200 2... 4515 6.39 4000 ..... 18,440 12. 9R t 
W300 2... 5010 1.38 4500 ..... 26,950 13.57 i 
1400 ..... 5510 4.75 5000 2... 23,400 14.10 
1600 ..... 6606 8.10 WO ..... 28,790 15.07 : 
1600 ..... 6505 8.42 7000 . 2... 84,640 15.97 

RO L.. 7060 8,72 B800G ..... 41,440 16.87 
1800 . 4... ____ 7500s. 90 a tec rea ere ee, = 

Al(g): 


Enthalpy : Hy —Hose,.15 == 4.97T - 0.22 >, 10°T*-- 144% (0.1 percent ; 298° — 5000°K)} 
Heat Capacity: C, == 4.97 -+- 9.12 » 10°T? 
c. HEAT CAPACITY OF ALUMINUM* 5 
Su..d trom 298° ¢9 9382°K 
Liquid froin ¥32° tu 2720°K 


Gas from 220° te 3C90°K ' 

T, °K 32 (cal./deg./mole) 
253 §.82 
400 6.12 
600 6.72 
400 7.31 
1000-2700 7.00 
2800-3000 4.97 


*See also C, equations directiy above _ 


Decomposition Temperaturc : — 


D composition Products: —_—— 
Vapor Pressure: 

Press. mm. 1 10 a0 106 400 7 MP. [3 
_Temp.°C 12841487685 1719 = 19472056 660 . 
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Aduminum, Al (page 4) 


X-Ray Crystallographic Data: 1 
System Space Group a Pfole -uies/Unit Cell 
eubic Of 5.434 4 
Hywroscopicity, cumulative increase in weight after: 51 
Atomized Stamped. 
Stora xe over H20 for 29 days: 55.2% 0.6% 
Storage over H.SO. for 29 duys: 50.2% 0.0% | 
‘I'wo days in oven at 105°C: 47.8% ~L.4% 
Solubility Data: In alkali; nydrochlorie, | 1 
sulphuric acids: soluble 
In nitric acid, acetic acid: insoluble 
Health Hazard: None. Not usually considered an industrial poicon. Aluminum | 12 
dust can irritate the eyes. Inhalation of dust may cause chronic pulmonary 
disease. 
M.A.C.: 50 million particles/ft.3 
(15 mg./m.*) 25 
Safety Class:fications: 
OSM: Class 1. Class 2 when not packed or stored in original shipping con- | 14 
tainers or eqrivalent (types I and II). 
U.N.: Inflammabie solid, which in contact with water emits flammable gas. | 15 
Fire and Explogion Hazard: Dust may ignite when exposed to heat of flame. | 12, 14, 49, 51 
May ignite by chemical action with oxidizers. Powder easily ignited or 
initiated to explosion by discharges of static electricity. See Electrostatic 
Sensitivity below. 
Caation: Keep water away. Evolution of hydrogen gas may result in explo- 
sion. When compounded with oxidizing agents, the powdered metal is a 
dangerous jiz2 and explosion hazard. Specia! mixtures of dry chemicals 
should be used to Sght aluminum fires. 
See also Ref. 86 : 
cirostatic Sensitivity: Minimum energy required for ignition of pewder by | 26 
electric sparks (millifoules) 
Dust Cloud Dust Leyer 
Atomized: 15 2.5 
Stamped : 10 Lo 
Ignition Temp. of Al powéers, °C: 26 
Gust Cloud Dust Layer 
Atomized : 2340 750 
Stamped: 550 470 
Minimum Explosive Concentration, my./1.: 26 
Atomized: 40 
Stamped : 35 


Used in Pyrotechnics: Alurmvat  ‘s used as a fuel. It produces an intense white | 17,20 
light on burning, but no distinctive flame coloration. 


Additional References: 
Ref. 64 


il 
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ALUMINUM OXRIDE, ALO, . — : 
(Alumina, o-Alumina, Corundum, Alon}um) Refs. 
| Pereent Oxygen: 47.08 
Specification No. : MIUL-A-10825 
Molecular Weight : 101.96 
: Crystalline Form: hexagonal 4 } 
: Color: colorless t } 
t Density, g./ml.: (solid) 3.39 S1A : 
i me) 2576-2626°1. Addai. Ref. 5 ; 
| §,682-1.127 3 10°T i 
Alumina may exist in several forma at low temperature, but they are all 
converted to a-alumina (corundum) by heating above 1600°C, 7 ne change se 
a is irrever: ible. ; 4 
; p-Alumina is an impure form that cccurs from sodium cr potassium alu- 4 
mirate. : i 
~ Temp. nf Trans- ; ee 
3 Cryetaliine . ee cee i 
1 Form Structure Density Comrce Joma ee. i 
t a gle See Fe See CSTE RTE NN TESS aI ) 
i «. hexagonal 3.965 stable form i 
; spiz.el typ? wanes dehydration of 
% {hydrous Als . > 1206 
x’ cubic 8.619 electrolytic oxi- 
dation of Al 750-1000 
8 hexagonal 2.40 dehydration of 
AICI],°8H,0 950 . 
e cubic electron diffraction wertcns i 
€ octahedron bf from thium melts > 1600 
: Coefficient of Themnsal Expansion, I'near for aluncum, 
; 25°-900°C : 2 8.7 x 10 51 
i Heat of Formetion, Keai./mole: : (corundum) a(c)-899.09 | 9 
: y (c)-384.84 
i See Table ; 
{ Free Energy of Fonnation, Keai./miie at 298°K: (corux:dum)--$76.77 9 
i et See Table « 
ei 
3 
{ 
i 
se 
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& | 
| , 
: Aluminum Oxide, Al,0, (pege 2) i 
i Heat and Free Energy of Formation: 
i a. HEAT AND FREE ENERGY OF FORMATION OF 2 
: i. Al,0, (CORUNDUM) 
' T,°K 4 H (cal./mole) A F° (cal./mele) 
‘ 298.16.... ~899,600 (+ 900) ~377,300 (+ 900) 
i 400.2... ~399,700 369,600 
i 500 Lk. . ~£99,600 862,100 : 
i 600.2... ~399,500 -354,600 
: Joo ....., ~399,200 347,100 i 
f 800.2... ~899,100 -339,700 i 
900 22... 898,900 -332,300 i 

981.7 .... -398,800 329,900 } 
9317 .... ~408,900 : 829,900 i 
ig 1000 ..... -403,700 ~324,500 i 
t 1100 ..... ~403,400 316,700 i 
1200.2... ~408,000 -808,800 i 
1300 ..... ~402,600 800,900 : 
i 1400 ..... ~-402,300 —298,100 j 
j 1500 ..... ~401,960 ~285,400 : 
i 1600 ..... ~401,500 -277,600 
i 1700 2... - ~401,200 —269,900 F 
1800 ..... ~400,800 ~262,200 
' 1900 ..... ~400,400 -254,500 } 
{ 2000, ..... 400,100 246,800 } 
: Phase Changes of Metal 
M. P., 981.7°K ; A H == 2579 cal./g.-atom : 
i . Energy Equations: 2 
i Reaction Range of Validity, °K 
1) 2Al(c) + 3/20,(g) == Al,0, (corundum) 298.16 to 931.7 
AW} = ~ 404,480 - 15.68T log T +- 2.18 (10 *T?) -++ 3.985 (10°T*) + 128.64T 
2) 2Al(1) -++ 3/202(g) = Al,0, (corundum) 981.7 to 2000 - 
: 4 F 5. == — 407,950 -- 6.19T log T — 0.78 (10-°T*) + 3.935 (10°T-1) + 102.37T | 
‘ Entropy at 298°K, cal./dez./mole (corundum) : 12.186 9 
See Table b 
| Melting Point: 2313°K (2040°C) 9 H 
i Heat of Fusion, Keal./mole: 26.0 9 
Boiling Point: 2523°K (2250°C) 1 
corundum (a-alumina) 8778°K (3500°C) 1 
Heat of Vaporization: caer 
r 
13 
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Aluminum Oxide, Al,Os (page 3) 


Transition Point: 

Heat of Transition : 

Heat of Sublimation: 

Heat Content or Enthalpy: 


b. HEAT CONTENT AND ENTROPY OF Al,05(¢) 
(Base, corundum at 298.15°K) 


Xt; °K He am Fges.ts Se ine Seos.ts 

cal./mole eal./deg. 
400 ..... 2150 
500 ..... 4580 
600 ..... 7200 
700 ..... 9960 
800 ..... 32,810 
900 ..... 15,720 
1000 ..... 18,670 
1100 ..... 21,660 
1200 ...., 24,680 


Al.Os (c) : 


Enthalpy : Hy—- Haes.13 == 27.49T + 1.41  10°T? + 8.88 x 10°T-! ~ 11,182 


(0.5 percent; 298° - 1800°K) 


Heat Capacity : C, = 27.49 + 2.82 x 10°T-8.38 x 10°T? 


Heat Capacity, cal./deg./mole: 
See Table b for equation 
Decomposition Temperature: 
Decomposition Products: 
For DTA see Addnl. Ref. 4 
Vapor Pressure: 


™ 


4 
T, °K H, ae Hass 15 Sr oan Srss 16 
cal./mole cal./deg. 
mole 
27,730 38.87 
30,800 41.14 
33,890 43,27 
36,990 45.27 
49,100 47.16 
43,220 48.94 
46,350 50.63 
49,490 52.24 
(solid) 18.88 4,9 
3800°K +: 200 8 
2Al0 (gas) +0 63 


Press.mm. 1 io 40— (és 100—itiO—C“iéi‘CO)~)F MP. 
Temp.°C 2148 2385 2549 2665 2874 2977 2040 


X-Ray Crystallographic Data (e-corundum) : 
System Space. Group a 
hexagonal Dg, 5.56A 


c Molecules/Unit Cell 1 


22.55A 2 


Hygroscopicity: Powdered Al,QO; readily absorbs moisture from the air. 


Solubility Data: 
In water at 29°C: 
In hot water: 
In acids and alkalies: 


0.000098 g./100 g. 
insoluble 
very slightly soluble 
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Aluminum Oxide, AJ,O, (page 4) 


Health Hazurd: High ccncentrations of dust may be irritating to the respiza- | 29 
tory tract and cause Shaver’s disease. 
MLA.C.; 50 million particles/ft.* 1Z 
Safety Classifications: re 
Fire and Explosion Hazard: eeeeees 
Filectrostatic Sensitivity: eee 


oe 


Use in Pyrotechnics: A small amount of alu.nina added to powdered red piios- | Spec. MIL- 
phorus maixtains it in a free flowing condition and free from lumps. 10825 
Aluminum cide is formed when aluminum or any of its compo-nds are . 
burned in air, or in a sufficient arnount of oxidizer or oxygen. 


eens oP nc eee temas on tte tee 


i) A. D. Mah, J. Phys. Chem. 61, 572 (1957) (gives the value for Heat of 
Formation as - 406.48 + .25 Keal./mole) 

2) “The Gaseous Species of the Al-Al,O,; System,” L. Brewer and A. 
Searcy, J. Am. Chem. Soc. 73, 5308 (1951). (disassociation pressures) 

8) Ref. 64 

4) “Differentia: Thermal Analysis of Organic Compounds,” A. T. Perkins 
and H. L. Mitchel?, Trans. Kansas Acad. Sci. 60,437 (1957) 

5) “The Density or Liquid Aluminum Oxi: ¢,” A. D. Kirshenbaum and J. A, 
Cahill, J. Inovg. Nucl. Chem. 14, 283 (1960) 


i 
Additional References: 
} 
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LAMINOANTHRAQUINONE, C,,H,NO, Refs. 
(1-Amino-9,10-Dihydro-9,10-Dioxoanthracene; 
Fast Red Al; a-Anthraquinonylamine, C.1. 37275, Azeie Component 36) | 1, 84. 48A 


Structural Formula: 
Specification No, : 
Molecular Weight: 
Crystalline Form: 

Color: 

Density : 

Coefficient of Thermal Expansion: 
Heat of Formation: 

Free Energy of Formation: 
Eatropy: 

Melting Point: 


Heat of Fusion: 
Boiling Point: 
Heat of Vaporization, Keal./mole at 298°K 
and 1 atm.: 
Transition Point: 
Heat of Sublimation : 
Heat Content or Entualpy: 
Heat Capacity : 
Decomposition Temperature: 
‘or DTA and TGA see Ref. 81 
Decon. position Products: 
Vapor Pressure: 
X-Ruy Crystaliographic Data: 
For absorption spectra see Ref. 66 
Hygroscopicity : 
Solubiliiy Data: 
In water, g./10C g. at 25°C: 
at 80°C: 
in ether, chloroform, benzene: 
In glacial acetic acid, 11. at 11.5°C: 
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MIL-D-8698 

223.28 

needies 

red 88V14 

525°K (252°C) 1 

526°K (258°C) 84 

sublimes 1, 88V14 

28.7 + 0.1 Adanl. Ref. i 
Addnl. Ref. 2 

0.00004 1, 28, 88V14 

6.0009 and V17 

soluble 

dissolves 8.3 g. 


eee es 
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aaa 


i ec 
+ ba 4 

L-Aminoanthrequinone, C:,HyNO;z (page 2) ; 
, In 92-96% HzSv4: dissolves \.ith ‘ 
i yellow color 3 
H In oleum, 20% SOy: dissolves with 4 
i red colcr : 
: In conzentrated HC! : dissolves ; 
ki Health Hazard: —— : 
t Safety Classifications : : 
; OSM: not listed i 
ICC: not listed 
; Fire and Explosion Hazard: ome 

Electrostatic Sensitivity : —_— 

Use in Pyrotechnics: To color smoke mixtures red. Used in orange smoke 

mixtures. 
Additional References: 


1) “A Radioactive Ionization Gauge and its Application to the Mzasure- 
ment of Latent Heat of Vaporization,” J. H. Beynon and G. R. Nichol- 
scn, J. Sci. Instr. $8,876 (1956) 

2) J. Soc. Dyers Colourista 70, 68-77 (1954) 


AMMONIUM NITRATE, NH,NO, 


Percent Oxygen: 
Specification Noa.: 


60 
JAN-A-175 


Refe. 


Lhe specification covers grade I and grade I1, which differ slightly in pur- 
ity. Grade I has three classes differing in grunulation. 


Molecular Weight: 
Crystalline Form: Five forms as follows: 


Designation System 
I (¢) regular (cubic) (isometric) 
IY (8) rhombohedral or tetragonal 
Ik (y) orthorhombic 
IV (Rg) orthorhombic 
___Y (a) tetragonal 
Color: 


Density, g./ml.: 


Coefficient of Thermal Exp rsion: 


Coeff. x 108 677 852 920 982 3069 1113 
___ Temp.°C 60 -20,—~—=“ HH 
Heat of Formation, Keal./mole at 298°K: (ec) 87.27 
$7.93 
Free Eneigy of Formation, Kcal./mole at 298°K: (c} --45.82 
Entropy, cal./deg./mole at 25°C: 36.0 


See Table a 
Melting Point: 
Haat of Fusion, Keal./mole: 


Boiling Fvuint: 


Heat of Subliire*’ cn. 


18 


80.05 


Range °C 


125.2 to 169.6 


84.2 to 125.2 
32.1 to 84.2 
-16to 32.1 


colorleas 

(solid) 1.725 at 25°C 
e 1.594 at 130+ 5°C 
& 1.666 at 98+ 5°C 
y 1.661 at 464 1°C 
B 1.725 at + 25°C 

a 1.710 at-25+ 65°C 


442.8°K (169.7°C) 


413 

1.63 

decomposes ai 483°K 
(210°C) 


_-18 to-16 


1, 43 


1A 
Addnl. Ref. 11 
Addnl. Ref. 11 


Ammonium Nitrate, NEN, (page 2) 


a. AMAT CONTENT AND ENTROPY OF NH,MOns{e, I) 4 
(Base, «crystals at 298.15°K ) 
T, °K ily — Hoga ic Sp Seog. as T, Ow HH. ~ Hees. is S+- Saag as 
cal./mole cal./deg. val./mole cal./deg. 
mole see ssn sree, mole 
306.3 (a)... 240 0.80 398.4 (8)... 4830 13.66 
205.3 (8)... 620 2.04 400 2. 2 wee 4906 13,83 
$25 2. .04.. 1180 3.82 ,: A eee 6640 16.80 
850 2.2... . 1820 5.92 442.8 (3)... 6860 1R.4§ 
357.4 (8)... 2100 6.52 442.8 (lp... 8160 21.42 
BH7.4 (ys... 2420 TAL cere 8440 22.08 
375 2... 3020 9.05 500 10,360 26.09 
398.4 (7) 3820 11.12 550 ....0.. 12,29¢ 29,77 
NH,NOsy (a) : 


Enthalpy : H.— Hoos 15 == 33.60T — 10,018 (0.1 percent ; 298° — 305.3°K) 
Heat Capacity : C, = 33.60; A Haos., (transition) = 380 
NH,NOs(): 
Enthalpy : H.— Hoos. 15 = 28.40 -— 8051 (0.1 percent ; 305.3° --357.4°K) 
Heat Capacity : C, = 28.40; A Hys7.. (transition) = $20 
NH,NO;(y): 
Enthalpy: Hy — Hoes. is = 34.10T — 9767 (9.1 percent ; 357.4° ~ $98.4°E) 
Heat Capacity : C, = 34.10; 4 Hoos.¢ (transition) == 1010 
NH,NOs, (8) : 
Enthalpy: Hy -- Heos.15 == 45.60T — 18,237 (0.1 percent; 398.4° — 442.8°K) 
Heat Capacity : C, == 45.60 
NH,NO; (1) : 
Enthalpy: Hy — Hoog.15 == 38.50T — $887 (G.1 percent ; 442.8° — 550°K) 
Geat Capacity : C, =- 38.50 
Decomposition Temperature, °C: 210 1,138 
Decomposition Products: These vary with the conditions of decomposition or | 43 
explosion. Many different equations fcr tie decomposition reactions are 
given in the literature. Practically all involve oxides of nitrogen. 


For DTA see Refs. 33, 47, and Addnl. Ref. 10 


Dissociation Pressure: ; _ - 
Press.mm.Hg. 3.25 7.45 11.55 15.80 27.0 41.0 MP. Addn. Ref. i1 


~~ Temp. °C 188 205 216 228 237 2A9 189.6 


See also * sul. Ref. 3 
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Asomenhum ate, NHANOs (page 3) a 
' b, X-RAY CRYSTALLOGRAPHIC DATA es 
: ‘ Designation System Space @ b c Molecules/ : 
ng : “por exbie 40 1 
H 3 or II tetragonal 5750 5.00 2 
i yor IN orthorhombic Vie 7.06 7.66 = 5.80 4 : 
) fGrlIV — orthorkambie Vie 5.768 85.45 4.96 2 
: wor Vo rhombic Vis «4,928 5.484 5.782 2 1 : 
; Hygroscopicity : Gain in weight at R.T. for reagent grade, after 24 hvs. exposure i 
and to equilibrium in a static desiccator. 


__ RAG .oow ___ 8 } 
' |24hrs. Equil.| 24hrs. Equil.| 32 t 
: Gain my./g. o7 181.6 —— ; 
Absorbed at 95°C by 2.0009 (C.P. ms ‘erial), 40-48 mesh: "4 
re KTH Ad Ref 7 
g-H,O absorbed 0.1234 0.2087 0.2918 0.6387 ; 
Solubility Data: : 
& Solubility, g./100 g. solvent (%) : 18 
be 
oy 0 i 45.1 30.0 
: 2 73.0 21.7 
: 106 20.8 
Be 201 81.6 
oF Solubility, g./100 solvent: 
<| Inethy! alevhol at 20°C: 3.8 
i In methy] 2'cohol at 20°C: 71 29 P 
Tn acetone end NH,: slightly soluble 
Health Hazard: Average or large duses may cause nausea and vomiting. Mod- | 29, 98 
crately toxic cn ingestion or inhalation. 
Safety Classifications: 
OSM: Claas 12. “When stored in an area where explosives may be projected 
into the nitrates, the regulations for Class 9 are applicable. When stored t 
in an area with flre hazards only and separated by inhabited building dis- ; 
tances from areas containing ammunition, ammonium nitrate may be 5 
atored in accordance with the regulations governing the storage of Class a 
2 solid propellants.” } 
ICS: Oxidizing material; yellow label. vi 
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Amimeniua Nitrate, NH.NO, (page 4) 


Fire and Explosion Hazard: Mavy disastx.us explosions have been attributed 
io ammonium nitrate. Although it is relatively insensitive ag a high expl. 
sive by itself, if allowed to burn unconifinad, its tendency to explode in- | 
creases with pressure and the presenze of oxidizable materials, Contam- i 
juation with chlorides, nitrobodies, sulfur, charcoal, meiuuie nitrates, 
metal powders, petroleum derivatives and oxidizable carbonaceous mate- 
rials sensitizes ammonium nitrate, accelerates its ¢: ‘omposition ard in- 
creascs the violence of the reaction. Zinc or lead contami.«ation lowers the 
decomposition temperature to below 100°C. Galvani. :d metals and lead 
solder shouid, therefore, not be used in the vicinity of ammonium nitrate. 
Fires involving ammorium nitrate should be vented to the greatest poesible 
extent because air acts as a diluent for the hazardous gases, minimizing 


the probability of explosion. Fires should be fought with large quantities |. 


of water but never with steam. 
See also Addnl. Ref. 12 


Electrostatic Sensitivity: ene 


Heat of Combustion. Keal./ nole ; Q: = 50.3 
Qe == 49.4 
Heat of Exniosion, cal./g.: 346 
gas volume, cc./g. 980 
Heat and Stability Tests: 
75°C International Heat Test, % loss 
in 48 hours: 0.0 
100°C Heat Test: 
% lose first 48 hrs.: 0.74 
% loas second 48 hrs.: 0.18 
explosion in 100 hra.: none 
Vacuum Stability Tests, gag evolved in 40 hrs. 
at 100°, 120°, and 150°C: 0.8 ec. 
Explosion Temperature Test, § sec. point, °C: ignites at 465 


Rifte Bullet Impact Test (at density of }.2 ¢./ml.): unaffected ir 100 trials 
Sensitivity to Initiation, g. tetry] needed toinitiate: ©.25 


Trauzl Teat, % TNT: 56 
Friction Sensitivity: unaffected by stee! shoe 


Impact Sensitivity: Effect of ter:perature on ground, C.P. Ammonium Nitrate. 
Pemp. 0) P.A. Impact Test with 


2 kg. weight, in. (16% point) 
25 $1 
3 28 
100 27 
160 27 
176 12 
2) 


12, 30, 14 


Addnl. Ref. & 


13 


18 


113 
13 
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Specific Ba:t: af °C -150 0-100 - 50 0 50 100 13 


a a me ee ee re a 


al/g/°C 0189 O0S8 0 O97 0.414 0.428 


Compatibility with Metals: Im the presence of moisture, ammonium ritrste 
reacts with copper, iron, steel, brass, leed, and «-sdmium. See Addnl. Ref, 1 
Uses in Pyrotechnics: as an oxidizing agent 


{ 
Ammouiuo Nitrate, NUNO, (page 5) 
| 
| 
| 


ns Additional References: 
1) “Military Explosives,” TM-S-TO11A-1-34, Departments of the Arm: : 
and the Air Force (1955) ° 


2) “Investigation of Sensitivity of Ferti‘izer Grade Ammonium Nitrate to : 
Expiosion,” P. Macy et al, PATR-1658, Picatinny Arsenal, Dover, N.J. 3 
| (1947) i 
3) “The Dissociation Pressure and Free Energy of Formation of Am- ? 
monium Nitrate,” A. D. Little, Inc., J. 4m. Chem. Soc. 76, (1954) er 


4) “Un the Thermogravimetry of Analytical Precipitates,” C. Duval and i 
N. Xuong, Anal. Chem. Acta é, 246 (2952) 
5) DTAand TGA, Ref. 38 
6) Ref. 54V2, genera! reference 
7) “Hygroscopic Properties of Sodium, Potassium and Ammonium. Ni- 
trates, Potassium Chiorate and Mercury ulminate,” G, B. Talor and 
W. C. Cope, Met. and Chem. Eng. 1%, 147 (1916) 
8) L. Médard and M. Thomas, Ménm. poudres, 35, 155, 160 and 172 (1958) 
2) “The Cryoscopic Heat of Fusion of Ammonium Nitrate,” 4.C. Keenan, 
J. Phys. Chem. 66, 1856 (1952) , 
10) “Differestial Thermal Analysis of the Thermal Decomposition =. Am- 
monium: Nitrate,” A. G. Keenan, J. Ain. Chem. Soc. 77, 1879 (1955) 
11) “The Dissociation Pressure eud Frer Energy of Formation of Am- 
monium Nitrate,” G. Feick, J. Am. Chem. Soc. 76, 5858 (1964) 
112) “Investigations un the Explosibility of Ammonium Nitrate,” J. J. Burns 
etal., Pur. of Mines, RI 4994 (1968) 
18) “The Thermal Decomposition of Ammenium Nitrate. Steady State 
Reaction Temperatures and Peaction Rate,” G. Feick anc R.M. Hainer, 
J. Am. Chem. Soc. 76, 5860 (1954) 
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AMMONIUM PERCBLORATE, NH,CW, 


Percent Oxyyen: 54.47 
‘ Specification No.: JAN A-192 
} The apacification covers two gradea whch aiffer in purity and two classes 
i which differ in granulation: grade 1 is used in tracerg; grade 2 is used in 
| HC Smoke Mixtures, 
b Molecular Weight: 117.50 
Crystalline Form: rhombic 
; Color: colorless 
Density, g./nut.: (solid) 1.98 
| -- Coefficient of Thermal Expansion (eubieal) : a= (vd /at_ 
' Temp.°F =. -25 0. 25 50 15 1000—~=CO125 LTS 
BX 164/°F 1.690 1.618 1.588 1.463 1389 1.316 1.2/4 1.272 1.101 
Heat of Yormati-n, Keal/mole at 296°K:  ° 942 
Free Fnergy of Formation, ca'./g. at 298°: 665 
“ Keal./mole: ~18.14 
Kutropy : —— 
decomnsses above 


Melting Point: ¥ 
423°K (150°C) 


decemposes before fusion 
decomposes 


xrhornbic to cubic 
518°K (240°C) 


{ 

( 

Heat of Fusion: 
f _- Boiling Po.nt: 

| Traasition Point: 


Re. 72 vities « La 8 af 281°C and B ts y at YENCC. 
i See also Ref. 47 
) Heat of Suillimativoa: 
i Hegt Content or Enthaipy: — 
| Beat Capacity: 
: ‘Decomposition ‘Temperature and Products: Yiecompese at a maintained tem- 
perature at 150°C, Decomposition vroducts are NO, and ClO2. 
Decomposition begina at 340°C, becoming exploxise at 380°C. The decomposi- 
tion varies with the teiaperature. Lielow 300°C, decomposition is mainly 
according to the equation: 
4NH,CiIG,+2Cl, t 8G, +- 8H,O +- 243) 
t Above 350° the proportion of nitric oxide increases and beconies sppreci- 
; able. Above 840° the following equation represents decomposition : 
1OMH.ClO,+21% Ol, + 2N,0 + 21% NOC + HCIO, +- 14% HC) 
. ‘$ 1E84H,O + 1842 + 630; 
The activation exergy for decomposition varies with temperature. The 


following are several values for astivation energy: 29.6 Kcal./moie below 
246°C and 18.9 Keal./mole above 240°C, Betvroen 400° and 440°C the value 


i is ‘78.4 Keal./mole. 
For DTA see Ref. 47 
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Ammoniam Perchiorste, NH,CIG, (page 2)- 


Vapor Pressure: -_——. 
Ray Crystallographic Data: 
System Space Group a b e Molecules/Unit Celi | 
rhombic Ve 9.202 5.816 7.447 4 1 
9.18 5.17 7.4 4 Addn!. Ref. 8 
Dy 9.231 5.813 7.463 4 9TV7T 
Hygroecopicity: Gain, in mg./g. of a purified sample at equilibrium at 70°F, 
after equilibrium had heen estab!ished in a vacuum desiccator : 
RH.%  ( 75 8 —98 32 
Gainmg./g. 0.5 0.6 6.4 0.8 
Critical R.H.: 87.0% at 25°C 
Solwbility: In water, g./100 cc. of saturated solution: 13 
Temp. °c «(8 25 60 1060 
Sol. 12 29 89 838 
Solubility in Nonaquecus Solvents a: 25°C: C5, 77 
Solvent g./100 g. sole nt 
acetone 2.26 | 
ethyl] acetate 0.082 
ethyl alcohol 1.908 
ethyl! ether insol, 
methyl alcohol 6.85 
Health Hazard: Moderate. Irritating to skin and mucous membranes. 12, 65 


Evolves highiy toxic fumes when heated to decomposition. 
Moderately toxic on ingestion or inhalation. 
Weak muscular poison; may cause convulsions. F armful co thyroid. 938, 72 
Safety C'assifications : 
OSM: Class I: Class I] when not pacited in original containers or equiv- 
alent. : 
ICC: Oxidizing material; yellow label. Listed under “Explosives and 
Other Dangerous Articles.” 
Fire and Explosion Hazard: A powerful oxidizer, explodes violently when heated | 12, 14 
with sulphur, organic metter, o. finely divided metals, particularly mag- 
neaium and aluminum. Eixploded by shock, Fire. involving ammonium 
perchlorate slone tay be fought with water. 
Electrostatic Sensitivity : — 
Specific Volume: V, == 8 + bt + ct* Addnl. Ref. 4 
where a ==: 0.5074 cm.*/g. 
b== 0.819 x 10-*em.*/g./°F 
c= 0.704 x 16-7 em.*/g./ (°F) * 
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a Aramonium Perchlorate, NH,C1O, (page 3) 


a Explosive Date: 65, 72 
Sensitivity: Requires the equivalent of 1¢ mg. of mercury fulminate or 
an XC-32. Very insensitive as an explosive but more sensitive than Na, K, 
and Mg perchlorates. Drop test—min.: 86 in. for an 11-lb. wt. Insensitive 
to severe friction. Heating small quantities does not result in an explosion. 
The temperature developed on explosion is 1808°C and the heat liberated, 
$44.5 cal./g. , : 
Brisance: Trauzl lead block test, expansion in cc.: 140.2, equivalent to 
one-quarter that of 40% N.G. dyaamite. 

Velocity of Detonation, in 60 mm. diameter iron tube and detonated with 
five No. 8 caps: 3800 m./sec. 


SRE SCRE Se 


2) “Apparatus for Observing Physical Changes at Elevated Tempern- 
tures,” V. Hogan and S. Gordon, Anal. Chem. $2, 578 (1960) 


8) “The Thermal Decomposition of Ammonium Perchlorate,” L. Bircum- 
; ct! Ae B. Newman, . Roy. Soc. A227, 115 (1954) ; also A227, 228 
im) 

4) Report Q PR No. 492, Aerojet General Corporation, Sacramento, Calif. 
5) L. L. Bircumshaw and T. R. Phillipa, J. Chem. Soc. 1957, 4741 (1957) 


i 6) “The Crystal Structure of Ammonium Perchlorate-NH,Cl0,,” K. Ven- 
Katesan, Proc. Indian Acad. Sci. 46A, 134 (1957) 


100°C Heat Test Vacuum Stability Test “413 
loss first 48 hrs.% 0.02 cc. of gas evolved from 5 g. in 40 hrs. at 
loss second 48 hrs.% 0.00 100°C 0.18 
explosion in 100 hrs. nore 120°C 0.20 
* : 250°C 0.82 
200-Gram Bomb Sand Test, g. sand crushed: 6.0 18 
‘ Sensitivity to Initiation: requires 0.25 grams of 
j tetryl 18 
Explosion Temp. in 5 sec., °C: 435 18 
} Temperature of Explosion, °C: (est.) 1084 12 
Impact Sensitivity, 2-kg. weight: 138 
Bureau of Mines app., cm. (10% point) : 67 
H Picatinny Arsenal app., in, (10% point) : 24 
Sample weight, mg.: 24 1 
' Sensitivity to Friction: Bureau of Mines app., steel shoe; 100 triala—no explo- 
i sion or ignition, one snap. 12 
Use in Pyrotechnics: as an oxidizing agent 
Additional References: 
1) “The Use of Differential Therma! Analysis for Investigating the Effects 
| of High ea Radiation on Crystalline Ammonium Perchlorate,” E. 
| Freeman and D. Anderson, J. Phys. Chem. 63, 1844 (1959) 


ANTHRACENE, C,H, (CH,).C,H, 
(Green oil, ?-Naphthalene) 


H 


Structural Formula: 


Specification No. 


The epecificaticn covers a technical grade in two classes, a and b, which 


differ in granulation. 
Molec ar Weigtit: 
Crysisiiine Form: 
Color: 


Density, g./tal.: 
Coefficient of Thermal Expansion, cubical, 
‘over the range 2U-180°C: 


Via == Vi (1+ @ (ta-ti) + 8 (ts-t:)?)] 
where «a==218 « 10% and B= 3.10 x 107 


. Heat of Formation, &cal./mole at 26°C at constant 


pressure: 

Free Energy of Formation: 

Entropy, cal./deg./mole at 298.1°K: 
Melting Point: 

Hext of Fusion, cal. (15°/g.) at 216.55°C: 
Boiling Point: 


Heat of Vaporization, Kcal./moie: 
Transition Point: 

Heet of Sublimatisn : 

Heat Content or Enthalpy: 

Hest Capacity : 

Specific Heat: 


Temp.°K $4.4 124.8 193.2 2544 297.2 20-100 20-210 liquid 


cal/g. 0.95 0.117 0.177 0.22% 0.278 


Decomposition Temperature: = 
Decomposition Products: 
Vapor Pressure: 


tet ramen 


Press. mum. t 10 40 100 
Temp.°C 145.0 187.2 


mae 


tener mae ease, 


JAN-A-202 


178.22 
monoclinic 


colorless with violet 
fluorescence 


(solid) 1.25 


25.53 

49.8 

490°K (217°C) 
38.7 

627°K (354-5°C) 
339.9°C 


18.10 


¢.312 0.8688 0.509 


400 760 #£xMP. 
2175 250.0 3810.2 842 217.6 


Refs. 


1, 12 


i 
29 
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Anthracene, C,H, (CH,),CH, (page 2) 
X-Ray Crystaliographic Data: 
Metooulss/ 
system Space Group a b @ Asial Augie Unit Col 


monoclinic CE 8.68 6.02 11.18 fixe 135° 2 
8.561 6.0866 11.168 p= 194°42’ 2 
Hygroscopicity : very slight 
Solubility Data, g./100 ml. In water: insoluble 
In alcohol at 160°C: 0.076 
at 78°C: 0.88 
In ether: 1.189 
In CHCl: 1.767 
in C8,: 1.500 
In benzene at 80°C: 7.5 


Health Hazard: Purifies white material is considered non-toxii. However, the 
impure technical product may be carcinogenic because of impurities pres- 
ent, Avoid reperted coutact or inhalation of dusts or vapors. is a chronic 
local irritant it is considered severely toxic. 

Fire and Explosion Hazard: Burns when hested in air. Vi.pors saay explode 
when ignited in air. Gives off acrid fumes. Reacts with oxidizing materials. 
To fight fire, use water, foam, CO., dry chemicals, or CCl,. 

Safety Classifications : : 

OSM: nat listed 
ICC: noi listed 

Electrostatic Sensitivity: Anthracene dust clouds cur be ignited and expioded 
by an electric spark, 

Anthracene darkens on exposure to light. 


- of Combustion, Keal./mole at 20°C: 1760.4 
*oir.t, OF (closed cup): 250 
(open cvp): S8b 
Autcignition Temperature, °F: 881 
Ref. 71 gives 472°C in air 
Explosive Limits in Air, % by vol., lower: G83 
Use in Pyrotechnics: aga fuel 


Additional References : 
1) J. Am. Chem. Soc. £. °~27 (19463 
2) J. Am. Chem. Soc. 74,1. “1 (1952) 
8) A. Van Dussen, Rec. tr. chim. 54, 873 (3935) 
4) W. Klem et al., Zeit. anorg. Chem. 176, 10 (1928) 
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12, 25, 93 


12, 26, 29, 67 
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ANTIMONY SULFIDE (tri), 5b,S, 
(Antimony Trisulfide, Antimony Black, Black Antimony, 
Stibnite, Antimonite, Needle Antimony, Sulfur Gold, 
Salfaret of Antimony, Antizaony Giance) 


Specification No. : MIL-A-159 
Molecular Weight: 339.72 
Crystalline Form: rhombic 
Color: black or red 

For color changes see Ref. 54V2 
Density, g./ml.: (solid) 4.64 
Coefficient of Thermal Expansion: _— 
Heat of Formation, Keal./mole at 25°C: (c) black, -45.6 

: (amor.} orange, -83.0 

Free Energy of Formation, Keal./mole at 800°K 

(27°C): -36.0 
Entropy, cal./deg./mole at 298.16°K : (c) 89.6 

(e) 30.8 + 4.0 

Melting Point: 828°K (550°C) 

Sinters in air at 440°C, melts at 510°C 
Heat of Fusion, 15° cal./g. at 540°C: 17.6 


Boiling Point: Volatizes above its melting temperature and can be distilled with- 


out decomposition 
Heat of Vaporization: 
Transition Point: See Ref. 54V9 


Heat of Transition, Keal./mole: violet to biack, 4.3 
orange-red to black, 5.6 

Beat of Sublimation, Kcal./mole at M.P.: 51.2 

Sublimation Temperature, °C: 880 


Heat Content or Enthalpy: 
Heat Capacity, cal./dey./mole at 298-821°K: 


tee 


C,= 24.2? + 18.2T 


Decomposition Temperature: When heated in air, above 176°C, it is slowly con- 


verted to the oxide. 
Decomposition Products: 
Vapor Pressure: 


— 


lo, ee S; takes up O 


Press.mm. about0.088 1.17 18.45 44 
Temp.°C 400 500 650 150 


X-Ray Crystallographic Data: 


Stem Space Group a b Molecules/Unit Cell 
rnombic viF 11.89 11.48 3.8¢ 4 
orthorhumbic Vis 11.28 Li3i 3.84 4 
Hygrescopicity : not bygr »scopic 


‘Refa. 


44V18B 


9TV5 


weld lama ce 


a Antimeny Sylfide (tri}, Sb.S, (page 2) 
| Solubility Data: 


i In water at 18°C: 5.175 X 10° y./mi. 1 
f In hot water: decomposes 
i In alk., NH,HS, K.S, HCI: soluble 


In acetic acid: . insoluble 
Health Hazard: Irritates the skin and mucous membranes. Mey cause gastroin- 1 12,21 

testinal upsets. A poison with symptoms similar to arsenic, A cardiac and 

nervous depressant, Antimony poisoning is detectabie in the blood and by 

liver functioning. 

M.ALC.: 0.5 14, 1°V7 
Safety Classification: 

OSM: Inert and presents no particular fire or toxic hazard ag used in 


RR TNE ae EIT 


Ordnance establistments. 
See aiso Addnl. Refs. 1 and 2 
. Fire and Explosion Hazard: Dangercus; whez beated to decomposition or on | 12 


i contact with acid or acid fumes, it emits highly toxic fumes of oxides of S 
and Sb. It reacts with steam or water and produces toxic and infiammable 
vapors. Reacts vigorously with oxidizing materials such as chorates or 


perchlorates. 

it Electrostatic Sensitivity : —-— 

Use in Pyrotechnics: Antimony sulfide is used as a fuel. Jt impart: a pale green | 20 
color to burning compositions. 

i 


Additional References: 
1) C.A. 42, 1.711 (1948) 
2) C.A.45, 9748 (1951) 
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ASPXALTUM 
(Gileanite, Aephah, Avphaltite, Earth Pitch, 
Uintate or Ulintahite, Mineral Rubber) 


Specification Ne.: 
Molecular Weight: 


Crystalline Form: 
Color: 


Density, g./ml.: 

Coefficient of Thermal Expansion, exbical: 
Heat of Formation: 

Free Energy of Formation: 
Extropy: 

Softening Point, specification min.: 
Heat of Fusicn: 

Boiling Point: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Hest Capacity: 


TAN-A-BES 


va: iable mined material, 
about 4250 


atsorphiug 

brown to black, leaves 
brown stvesk 

(solid) 1.06-1.10 

5~T x 10 

398°K (125°C) 

< F4B°K (47K, 


Refs. 


L7V2Z 
Addn Re?, t 


Addnl. Ref. i 


Adan. Ref. J 


Decomposition Temperature and Products: May be distilled to about 550°F. | Addnl. Ref. 1 


Above this temperuture an exothermic reaction takes place with the rapid 
evolution of gaseous products. Between 475° and 650°F an oily tistillate 


is obtained. 
Vapor Pressure: 
X-Ray Crystallographic Vata: 
Hygroscopicity : 


—— 


nonhygrosespic 


Solubility Data: Insoluble in water, alcohe!, acids, and alkalies. Soluble in | 29 


petrole-m, ether, and acetone. The specification requires the following: 


CCL--: -% min., petroleum ether--36% min., snd CS,—99% min. 
Health Hazard: Fumes or dust may irritate the eyea and respira‘ ry tract. 
Moderately toxic + acute oy chronic irritant. 


Safety Classifications: 
OSM: 
Ice: 
Fire and Explosion Hazard: 
Flash Point (ciosed cup) of: 
(open cup} °F: 
Autoignition Temperature: 


not ligted 
not Hsted 
slight 
ADO 

Rss) 

206 


To fight fire use foam, CO,, dry chemica), or CCL, 


8o 


29, 98 
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Asphaltum (page 2) 


Electrostatic Sensitivity : ners 
Asphaltum is formed from petroleam as thc reeult of heat and pressure | Addal. Ref. 

working over geologic time. The type cf aaphait called for in the specification 

is known as gilsonite or uintate and is found mainly in Ute and Colorado. 

Chemically, gilsonite consists mainly cf sstureted hydrocarbons substantially 

free from oxygenated bodies with little or no crystallizable paraffins. Gilscnite 

is marketed in two grades known as “selects” or “firsts” and “seconds.” The 

“firsta’”’ are from the center of the vein and hzve a lustrous conchoidal fracture. 

The “seconds” are froan zear the walls of the vein and show a semiconchoidal 

and semilustrous fracture. They are differentiated on the basis of softening 

point, and behavior in petroleum solvents. Although gilsonite is a mined product 

it shows fairly uniform characteristics as follows: 


Fracture: . conchoidal 
Luster : bright to tuirly bright 
Hardness on Moh’s scale: 2 


Fusing point, Kramer and Sarnow 
Meth 


od, °F: 280-350 
Ball and Ring Method, °F: 270-460 
Volatile in 5 hrs. at 325°F, %: not less than 2 
400°F, 9: not less than 4 
500°, %: not less than 5 
Fixed Carbon, %: 10-20 
Solubility in CS,, %: greater than 98 
Non-mineral matter, insoluble % : 0-1 
Mineral matter, %: trace to i 
Carbenes, % 5-06.65 
Soluble in 88° petroleum naphtha, %: 10-60 
Hydrogen, %: 8.5-10 
Sulfur, %: 0.3-0.5 
Solid paraffines, % : 0-trace 
Sulfonation residue, %: 85--95 
Saponifiable matter, % : trace 
Minimum Energy Required for Ignition of Dust Z26V1 
Cloud by Electric Sparks, millijouies: 25 
Ignition Temperature of Dust Cloud, °C: 560 26V1 
Minimum Explosive Concentration of Dust: 20 mg./1. 20 26V1i. 


Use in Pyrotechnics: Asphaltum is used as a fuel and binder. it may act asa 
desensitizer and waterproofing agent. 


Additional References: 
1) “Asphalts and Allied Substances,” H. Abraham, D. Van Nostrand Cov., 
Inc., New York (1960) 
2) “The Science of Petroieum.” Vol. 4, A. E. Dunstan et al., eds., Oxtord 
University Press, New York (19388) 
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AURAMINE HYDROCHLORIDE R.fs. 


(4,4'-Dimetlyli: incbenzencimide Hydcochloride, 
4, fy bis. Dimethylunine) Benzhydrylidencimine Hydrochloride, 
Imido-te*-amethyidiamidodiphylmethane Hydrochloride, 88 (No.425), 
Auramine O, CI. 41600, C.E. Basic Yellow 2) 82, 48A 


Structers’ rormul2 : L(CHs)} sNC.H,) 4 o :=NH,Ci or CirHygNyCl or 
CRON )-C=SD NCE) 4 or (HaC)aN ('#)-C= C2) = Chas 


NH- HCl NA, Ci 
Specification No.: MIL-A-3664 (195%) 
Molecular Weight: 303.84 
Crystalline Form: flakes 
Color: yellow 38V14 
Apparent Density, ¢./ml.: 0.35 + 0.1 Spec, 


Coeficient of Thermal Exp vision: —— 
Heat of Formation: —_— 
Free Energy of Formation: —_—- 


Eniropy: -—— 
Meiting Point: §40°K (267°C) 88V14 
588°K (265°C) Addai. Ref. 1 


Heat of Fusion: 
Boiling Point: — 
Transitioa Poiut: _—- 
Heat cf Suv’ matior : —. 
Heat Content. or Enthalpy: — 
Heat Cupacity: — 
Y-ecomposition Temperature: —-~- 
Decomposition Prodticts: Te aqueous solution decomposea at about 70°C to | 52 
NH,vul and tevramechyldisminobenzophenone (Michler’s Ketone). 
The game reaction tekes plac. in cold dilute acid. Addn). Ref. 2 
Increase in temperature and ..cicity increases the rate of hydrolysis. 
V- por Pressure: 
x-Ray Crystallographic Data: —— 


Hydrolize.. by hot water (see Decompocition Product.) 


Hygruacopicity : nas | 

Ss lubility : 
in water and alcohol: slichtly coluble | RV 14 IT 
In chloroform: readily soluble | 
in ether or pyridine: almost insoluble | 
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Auramine Hydrochloride (page 2) 


Health Hazard: Carcinogenic or. chronic expusure, moderately toxic. The spec. 92, 98 
requires that each co.tainer be labeled. “CAUTION: AVOID SKIN CON- 


TACT. USE WITH ADEQUATE VENTILATION.” 
Safety Classifications: ; 


OSM: not liated 
ICC: not listed 
Fire and Explosion Hazard: —-. 


Flectrostatic Sensitivity: 
Use in Pyrotechnics: To produce vellow colored saioke. 


Additional References: 
1) J. Chem. Soc. 461 (1940) (alse gives ubsorption spectra) 
2) J. Am. Chem. Soc. 46, 2848 (1924); C.A. 18, 3872 (1924) 
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GARIUE CARBONATE, Beth, Refs. 


(Whesti:s) 
Spocifiention Me.: 
Malecular Weight: 
Crystalline Form: 
Golee: 
Density, g./ml.: 


Coefficient of Therma] Expansion, cabical: 


Heat of Formation, Keal./mole at 298°K - 


Free Energy of Fors. n, Keat./mole, at 296°K : 


Entropy, cal./ceg./moie, at 208°K : 
See table below 
Melting Point, at 90 atm.: 


Heat of Fusion: 
Boiling Foint: 


Heat of Vaporis:‘ion: 
Transition Point: 


Heat «f Treasition, cal./mcie. 
Neat of Subiimation: 


JAN-B-G4 

197.37 

(witherite, ») rhombic 4 
(a) hexagonal 

white i 
(solid) 4.48 “SIA 
(witherite} 4.26 31A 
2.58 x 10° 3) 
(valu> used commerciaily) 
(e)-291.3 1.3 
(2)-272.2 1,9 
4c} 26.8 | 3, 7, ¢ 


2018°K (1746°C) 1 
fuses at 1881°C with joss b2V1 
of co, 


od 


Aecommposes at 1'723°K. 22 
g Neils with uss of 
4a 


¢ 1079°K (808°C) | 8 4 
g 1241°K (968°C) | y 
«4490p 780 

| 


—— 


HEAT CONTENT AND ENTROPY OF BaCu,(c) 4 
(Base, e~cryztela at 298.16°K) 
T, ck He ~ Esse.1s S+— Saes.is T,°R R, ~ Asen.is Sy - Siwe.se 
cal./mole ceal./deg. cal./mole cal. /deg. 
mok mole 
Somaetited 231.6 6.61 1100 ..... 27,060 39.17 
B00 2... 4730 12.08 1200 ..... 80,760 42.89 
600... .. qs 16.76 1241 (9)... «82,270 43.62 
700.2... 10,080 21.00 | 1241 Gy)... 83,000 44.21 
800.2... 12,980 24.87 1300 ..... $8,240 45.98 
$900 ..... 16,020 28.45 3400 2... 89,040 48.7% 
| 19.190 31.79 1800 1... 42,840 Bl.4i 
1079 (a)... 21,790 $4.29 1600.2... 46,040 £8.36 
ios (B) 26.280 $8.45 


Barium Corbonais, BaCG, (page 2) 


, 

BaCOs(a). 
: binthalpy : Be-~ Hsseis=-21.50T + 5.53 1087? + 3.92 ¢ 101"! - 8213 
: (0.£ percent; 298° —-1079°K) 
: , Heat Capacity : ©, = 21.60 + 11.06 x 10°T -3.91 « 16°T? 
{ 
| 
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BalO.{2): 
: Moathalpy : He Hingis == 37.00T - 15,644 (0.1 percent ; 1079° - 1241°K) 
‘ Heat Capacicy: C, = 37.06 
BalO,(y): 
Finthalpy : Hy - Hosg.is == 88 OOT - 14,160 (0.1 percent ; 1241 — 1600°K) 


Heat Capacity : C, == 38.00 


Decomposition Preducia: 

For pyrolysis see Ref. 45 and Addn. Ref. 1 
Decomposition Products: BaO + CO, 
Disseciatio: Pressure: 


ee. 


Press.mm. 9 5 45 £120 240 340 460 675 760 


___vemp.°C 3871017 1067 1997 _ 1187 1367 117711971200 —| 
; For Dissociation Pressure see also Addnl. Ref. 3 i 
‘ Calculated Dissociaticn Pressures to Bsz.0 + CO, ascve 1079°K are given by | Addn. Ref. $ 
: log Pam, = 13,075 + 7.668 
TF 
Vapor Pressure of CO, at 1100°C: 20 mm, 52V1 
At 1600°C the loss of CO. is complete 
i See also Addn, Ret. 2 
i X-Ray Crystallographic Data: 
\ System Space Group a b ce Molecules/Unit Cell 1 
: rhombic Vis 5.29 8.88 C¢.41 4 
i Hygroscopicity : — 
: Solubility Data: In 100 ml. water: «== 0.002 g. at 20°C 1 ~ 
0,006 g. at 100°C 
A= 0.0022 g. at 18°C 
0.0065 g. at 100°C : 
i Ta ecids, NH,Cl: solvbie 
m4 In aircohol: i:soluble 


Health Hazard: Poisonous. Irritates mucous membranes, it produces dermatitis | 12, 29 
and causes hemorrha, 2s in the yactrointestinal tract and kidneys, 


B.A.C., mg./m.$: 05 


ee ee 
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Barium Carbonate, BatlO, (page 3) 


‘Safety Classifications: 


OSM: not listed 
we: not listed 
Fire and Explorion Hazard: none listed 


Electrostatic Sens‘tivity: — 
Us¢ in Pyrotechnics: BaCO, is used as a retardant. It imparts some green color 
te a Luraing compesition. 


Additional References: 


1) “Differential Thermal Analysis Studies of Ceramic Materials: Char- 
acteristic Heat Effects of Some Carbonates,” M. Gruver; J. Am. Ceram. 
Soc. $3, 96 (1950) 

2) G. Tammann and W. Pape, “eit. anorg. Chem. 127, 50 (1923) 

8) “xperimental Heat Contents of S70, BaO, CaO, BaCO, and SrCO, at 
High Temperatures. Dissociation Pressures of BaCO, and SrCO,,” J, J. 
Lender, J. Am. Chem. Soc. 78, 5794 (1951) 
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BARIUM CHLORATE, Ba(ClO,), Refs. 


Percent Oxygen: 


Specification No.: not listed 
Molecular Weight: 364.27 
Crystalline Form: — 1 
Coior : colorless 
Density, y./ml.: (solid) 3.856 at 24°C 12 
Coefficient of Thermal Expansion: —_—- 
Heat of Formation, Kcal./mote at 298°K: (c) -181.7 1A, 3 
Free Energy of Formation, Keal./mole at 298°K: (c)-133.1 ; 44830 
Entropy, cal./deg./mole at Z98°K : 53.7 44°30 ; 
Melting Point: 414 1A Bim 
Heat of Fusion: —- 
Boiling Point: cs 
Transition Point: — 
Heat of Sublimation: a | 
Heat Content or .‘nthalpy: —- 
Heat Capacity of B.. (C103) 3° HO, cal./deg./mole: 

C, = 50.6 (289-320°K) 4 
Decomposition Temperature: Decomposition starts at about 300°C. 54V2 

For DTA see Ref. 33 : 
Decomposition Products: Ba (Cl0,); + 20, 54V2 
Vapor Pressure: — 
X-Ray Crystallographic Data for Ba (ClO;).°H;0: 

Molec: :les/ 
System Space Group a b e Azial Angle Unit Cell 
monoclinic Ch. 8.86 7.80 9.85 B= 94° + 16° 4 Addni. Ref. * 

See also Addnl. Ref. 1 
Hygroscopicity : — 
Solubility Data: 

In water (g./100 g. solvent) : 20.35 at 0°C 31 

84.8 at 8U°C 


31.55 


Health Hazard: Poisonous when taken by mouth. Very toxic in contact w:th the | 29, 14 
skin, when inhaled as e dust, or when ingested. 


M.A.C., my./m.5 
Safety Classifications 


0.5 12 


OSM: Class 1, in original container or equivalent. Class 2, not in original 


container or equivalent. 


ICC: Oxidiring materia), yellow label. Listed under Explosives and 


Other Dangerous Articles. 
M.C.A.: Warning label! required. 
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Barium Chlorate, Ba(ClO,); (page 2) 


Fire and Explosion Hazard: Considered more dangerous to atore than KC1O,. ; 14, i 


Should be stored away from flammable materials because of possible fire 


and explosion, 
Electcuatatic Sensitivity : —e 
Ignition Temperature, “C: (& second point) 506 33 
Activation Energy, Keal./mole: 46.7 38 


Use in Pyrotechnics: 
To impart a green color to burning compositions, and as an oxidizing agent, | 


Additional References : 


1) “Determination of the Structure of Metallic Chlorates i:y Infrared 
Spectroscopy,” T, Dupuis, Compt. rend. £42, 2922 (1956). C. A. 50, 
15,286 (1956) 

2) “Unit Cell and Space Group of Barium Chlorate Monchydrate,” G. 
Kartha, Current Science (India) 20, 151 (1951). C. A, 46, 4312 (1952) 
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BARIUM CHLORIDE, BaCl, Refe. 
Specification No.: not listed 
Mciecular Weight: 208.27 
orvstalline Ferm: monoclinic 1A 
Dolor: colorless 1A 
Density, g./ml.: (solid) 3.856 at 24°C TA 
Density of Molten BzCl, 
“Temp. °6 684 —~—~«975~C0BB~C«LOBO 0B Teo ‘| 4480 
Density 8.087 3.052 8.018 8.108 8.087 8.076 | 
For the temp. range 9¢4°-1100°C the density is given by the formula 
Dt = 3.032 --0.00070 (t-1000} 
Note: See refs. for sdditional density formulas 
Coefficient of Therrnal Expansion, cubic, 
Foc: 60 x 10° 448380 
Heat of ?ormation, Keal./mole at 298°K: (c} -205.56 14,6 
Free Energy of Formation, Keal./mole at 298°K: (c}-193.8 1A, 9 
Entropy, cal./deg./mole -% 298°K: 30 1A,9 
Melting Point, °K: 1235 i) 
Heat of Fusion, Keal./moie at 1235°K: 5.4 9, 244A 
Boiling Point, °c: 1560 1A, 31A 
Heat of Vaporizetion, Keal./mole: 50.0 24A 
57 Ai ; 
Transition Point, monoclinic (2) to cubic fs: 1198°K 1A, 9,6 
§26-9S0°C 44830 
Hex. of Sublimaticn, Keal./mole: 57 44830 
Heat Content or "nthalpy: —- 
Heat Capacity, cail./deg./mole: (solid) 18.6 at 25°C 
C, ==: 17.00 +- 334 « 10°T (estd., 298-1198°K) 4 
Decemposition Teniperature: None up to 1000°C 
(max. experimental temp.) 38 
Decompor .cion Products: Pome 
Wapor Pressure Giqguic Bais): 
Press. wr. ouraut 07—~*~*é“‘a|wH”~”~C2””~C~«S!”*~«SO 448,30 
"Temp. °K 13429 ——«*21425.2—«1465.9-«21486.7.—«1885 | 
X-Ray Crvstallographic Data: 
Molecules/ 
System Space Group a b c Unit Cell 
Bath, eri horhormbic Vis 9.328 7.828 4.705 4 13, 08, Addi. 
Begs © rborabic 4g 4.61 9.02 11.28 | Ref.1 
89 


Barlum Ciloride, BaCl, (page 2) 


Hygrescopicity : 
Solubility Data: 
In H,0, g./100 mi.: 


In HCl, HNO,: 
In alcohol: 
Heaith Hazard: 
Extremely toxic. Fatal dose 0.8 to 0.9 g. 
Safety Classifications: 
OSM: 
Ice: 
Fire and Explosion Hazard: 
Electrostatic Sensitivity: 


slight 


$1 at0°C 
59 at 100°C 


slightly solubie 
insoluble 


not listed 
nat listed 


none listed 


Use in Pyrotechnics: BaCi, results from the berning of some barium compounds 


in the presence of chlorine compounds. 


Additional References: 
1) C.A. £6, 897 (1950) 


44830 
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BARIUM CHROMATE, BeCrO, Refs. 


{Lemon Chrome, Ultramarine Yellow, Baryta Yello. Gelbin) 1, 11, 25 
Percent Oxygen: 25.28 
Specification No.: MIL-B-550 


The specification covers two grades; grade A is for use in delay and non- 
gaseous powder, grade B for use in pyrotechnic mixtures. 


Molecular Weight: 253.37 

Crystalline Form: rhombic 1 
Coler: yellow 1 
Density, g./ml.: 4.498 1 


Coefficient of Thermal Expansion (calculated from lattice constants), linear: | 44S30 sup 


Temp, Range °C 10-70 ~~ 70-180 180-19¢ 190-250 10-250 


Coeff. x 105 — 1.75 ‘1.78 1.57 1.85 1.67 
Heat of Formation, Keal./mole at 298°K: (c)--341.3 1,9 
Free Energy of Formation, Kcal./mole at 298°K: -315.95 73 
Entropy, cal./deg./mole at 298°K: 34.7 78 
Melting Point: decomposes (see below) 
Heat of Fusion: a decomposes (see below) 
Boiling Point: decomposes (see below) 
Transition Point: — 
Heat of Sublimation: - —_—— 
Heat Content or Enthalpy: — ®. 
Heat _pacity: a3 at 


Decomposition Temperature and Products: When heated, starts to lose weight | Addnl. Ref. 1 
at about 60°C. On further heating very slowly loses weight even up to 
1015°C, at which point it is a mixture of the yellow chromate and green 
chromite. Even at this temperature the loss is leas than 1%. 

Vapor Pressure: —_—— 

X-Ray Crystallographic Data: = 

Hygroscopicity: Gain in weight (%) at 70°F of specification grade A material 


Exposure Relative Humidity, % 33 
brs. EB ‘ 
24 0.06 0.05 0.25 
48 0.06 0.08 0.27 
72 0.06 0.05 0.27 
144 0.06 0.09 0.28 
168 0.06 9.09 0.28 
Solubility mata. ta ws 0.000384"°* and U.0004478 1 
In minerai acids: aolubie 
4i 
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Bartum Chromate, BaCrO, (page 2) 


Health Hazard: Poisonous. Has a corrosive action on the skin and mucous mem- 
branes. Produces dermatitis. 
The specification requires that ail containers be marked :vith the following 
precautionary marking: “AVOID INHALATION “F DUST. AVOID 
PROLONGED OR REPEATED CONTACT WITH SKIN.” 


M.A.C. (as CrO,) for an 8-hr. day: 0.1 mg./m.$ 
Safety Classification : 

OSM: class 2 

ICC: 

ULN.: poisonous (toxic) 


Fire and Explosion Hazard: Emits highly toxic fumes when heated. An oxidant 
which reacte vigorously with reducing materials. 

Electrostatic Sensitivity : — 

Use in Pyrotechnics: Barium chromate is used as an oxidizing agent, and to 
impart a green color to a burning composition. 

Additional References : 
1) S. Peltier and C. Duvai, Anal. Chim. Acta 1, 861 (1947) 


12, 29 
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BARIUM NITRATE, Ba(N),), Refs. 
(Nitroharite ) 
Percent Oxygen : 36.73 
Specification No.: MIL-R-162B 
The specification covers six classes that differ in purity and granulation. 
The following four classes are used in pyrotechnics: 
Class 1, used in priming compositions (in two granuiutions) ; 
2, used in photoflash compositions; 
5, used in incendiary mixtures; 
6, used in pyrotechnic compositions. 
Molecular We'gnt: 261.38 
Crystalline Form: cubic 1 
Color: colorless 1 
Density, g./ml.: (solid) 3.24 at 23°C 1 
Coefficient of Thermal Expansion, 
linear, — 78° to + 15°C: 5x 10% 44530 aup 
Heat of Formation, Keal./mole at 298°K : — 237.06 1,9 
Free Fnergy of Formation, Keal./mole at 298°K: — 190.0 9 
Eatropy, cal./deg./mole at 298°K : 511 9 
HEAT CONTENT AND ENTRGFY OF Ba(NO,).2(c) 4 
(Base, crystals at 298.15°K; mol. wt., 261.38) 
es cr oie Her— Foes .15 _ Sr-- Sose.15 Tv, oK Hie — Tose is Sr - Sova.is 
cal./mole eal./deg. cal./mole eal./deg. 
mole mole 
400 2... 3960 11.39 70.... © 18,46U 36.14 
“Wo. 8410 21.30 800 .... 24,070 45.62 
TN ty Bass 13,240 30.16 850.2... 27,020 49.20 
Ba(NO;)2(c) : 
Enthalpy: Hy Heos.15== 30.05T 4 17.85 > 10°T? + 4.01 « 10°T" - 11,891 
(0.2 percent; 298° ~ 850°K) -| 
Heat Capacity : C, -= 30.05 4- 35.70 x 10°T- 4.01 « 105T-2 
Melting Point: 868°K 7,9 
Heat of Fusion, Keal./molc: 6 9 
Boiling Point: decomposes 1 


Transition Point: 5 

Heat of Sublimation: ~_—— 

Heat Capacity, cal./deg./mole at 298K: (solid) 36.1 
See equation under tab!- above 


Berium Nitrate, Ma(NOa), (page 2) 


Decemposition Tereperature : 
Por EPA sec Refa. 33 and 47 
For TAG see Pef. 3% 


Deconipoxition Products: 
Vapor Pressure: 
X-Ray Crystallographic Data: 


System Space Group a 
cubic Ts 8.11 
flygroscopicity : 


Gain in my./g¢. ot equil‘brium at R.T.- 


Solubility Data: 
In water (g./100 g.) at°C: 
In acids: 
In alcohol, conc. nitric acid: 


Health Hazarc’: Moderately poisonous. Irvitates ey2s, ears, nose, throat, and 
skin: produces dermatitis. When heated evolves toxic fumes. Produces gas- 


trointestival irritation. 
M.A.C. 
Sufety Classificatiuns: 


OSM: Class i when packed or shipped in ovigina! containers or equivalent. 


ICC: 


Fire and Explosion Hazard: By itself the dre hazard 
oxidizing agent it reacts vigurously when heated with reducing materials 


and may even result in detonation. 
Electrostatic Sensitivity: 


Use in Pyrotechnics: Barium nitrate is used as an oxidizer, ard to impart a 


green color to burning compositions. 


Storage: Keep barium nitrate in a moisture-proof container in a dry place to 


prevent caking. 


Additional References: 
1) CLA, 49, 12982 (1555) 


P 
Ls 


5355-60006 


evolves NO, and O, 


Molecules/U nit Cell 


4 
puritied < 0.1 at75% anc 
66% RY 
0.6 at 93% RH 


3.7 at 20°: 34.2 <t 160° 
slightly soluble 
insoluble 


0.5 


Oxidizing material; 
yellow label 


igs moderat:. As a strong 


| 
| Addul. Ref. 1 
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BARIUSI OXALATE, Bal,0, Refs. 
Specitieation No.: JAN-B. 660 
Molecular Weight: 225.38 
Crystalline Form: son oe 
Color: colorless i 
Density, #./ail.: (solid) 2.658 i 


Coofisient of Thermal Expansion: ree 
Hoot of Formation, Feal./mot at & 
WCle) BaCndQ,: -827.6 


i 

| 

| Addnl. Ref. 3 
PRC (c) BalO,- TaH.O: ~ood.% | 

| 

{ 

{ 

i 

| 

\ 

l 


1 
18°C (ppt.) Bal.0,° HC: ROT OT | 4 
25°C Ba.0,°240.20: 470.1 9 
25°6 BaC.04°3.5H,0: ~575.73 9 
Free Energy of Farmaticn. a 
Entropy: aoe 
Melting Poit: ~——— 
Heat of Fusion: ne 
Boiling Point: decomposes 
Heat of Vaporization: ee 
Transition Point: en 
Heat of Sublimation: — 
Heat Content om Enthaipy: -_—— 
Heat Capacity: —— 
Decomposition Temperature: Inses CO above 346°C 45 
Decomposition Products: OO + BaCO; 
Vapor Pressure: =_ 
X-Ray Crystallogranhic Data: — 
«2. ~-oseopicity: — 
Solubility Data: In water, g./ml. solvent: 0.0093 at 18°C 1 
9.0228 at 100°C 
in acids, NH,Cl: soluble 
In alcohol: insclubie . a 
Heaith Hazard: Toisonous. Irritates eyes, nose, throat, and skin. Produces | 12,29 
dermatitis. 
Safety Classifications: 
OSM: not specifically mentioned 
' ICc. not specifically mentioned 
ULN.: class € (..)—-pcisoneus 
toxie substance 
é 
45 


Barium Oxalate, BaC,0, (page 2) { 
Fire and Explosion Hazard: Daugerous when heated to dacompnsition; emits | 12 
toxic fuines. 
Klectrostatic Sensitivity: (0 wee 
rr 


Use in Pyretechnias: As a retardant. Imparts some green ccior to burning | 17 
compositions. 


Ac ditional References: 
1) L. Médard, Mérm. artillerie franc, 28, 467 (1954) 
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BARIVM OXIDE, bad 


i 

CBartnm Mo oxide, Saryta, Barium Protoxide, Caleined Bar via) 4, 11, 12, 2 
Specification No.: — 
Molecuiar Weight; 85.36 
Crystaline Form: cubic or hexagonai i 
Color: colorless i 
Density, g./mi.. (solid) 5.72 (hex) 5.82 | 1 
Coafticient o: Tner.nal Expaiaici: 3.0% 167 47 
Heat of Formution, Keal./mole at 298°K: (c) -133.4 1,9 
Free Energy of Formation, Kceal./mole at 298°K: (¢}-126.3 1,9 

| 
a. HEAT AND FREE ENERGY OF FORMATION OF BaO(c) | z 
(iol. wt., 150.88) 

“ROK CA WE eal. /mele) A F° (cal./moie) 

298.16... 438,500 (+3000) 126,500 (-+ 3500) 

400 .... 133,900 ~124,000 

500 .... --133,000 --121,508 

600 .... ~135,C00 ~119,500 

48 2... ~13Z,500 -118,500 

646 . 2... --138,000 ~118,500 

700 .... ~132,500 ~-117,000 

R00 .... -132,500 -115,000 

90 2... —-132,500 -113,000 

977 1... -—132,000 ~111,000 

OTT gees -134,500 -111,009 

1000 .... ~134,500 -110,500 

1100... ~134,000 -108,000 

1200 .... -134,000 -106,000 

1300 .... ~133,500 ~103,500 

1400 .... -135,500 -101,500 

1600 2... -133,6v9 -99,000 

1600 .... ~15,3,900 -96,500 ~ | 

1700 .... -132,500 ~94,500 

1809 .... ~-132,500 ~ 92,000 

1900 .... -132,000 -90,000 

UOEL og vats -132,000 ~90,000 

1911... --167,500 —90,000 


2000 .... -167,000 86,000 


Bavriuin Ox de, Ba® (page 2) 


Phase Changes ot Metal 
T.P (ef), GI8°K 
AH -- 140 cal./g.-atom 
MLY., 977°K 3 A H 2240 enl./g.-atom 
B. PB. 1911°K; 4 H ~- 35,660 ex'./g.-atorn 
Free Energy Equations: 


ara 11,680 


| 
| 


Reaction Runge of Validity, °K | 2 
1} Ba (a) + % Op» (g) = Bad (c) 298.16 to 648 
AF S = -184,590-7.60T logT + .87 (10 8T?) + . £2 (10°T) +. 45.76T 
2) Ba (8) + 4202 (g) == BaO (2) 648 to 977 
A FQ = -- 184,140 - 6.34T log T -—.56 (10 °T?) + .42 (105T-!) + 34.01T 
3) Ba (1) + % On (x) = BaO (c) 977 to 1911 
A F9 == — 135,900 - 2.19T log T -.56 (10°T*) + 42 (10°T!) -+ 32.37T 
4) Ba (ge) + % > (2) = Bad (c) 1911 to 2000 
A F2 ==-176,400 ~8.0iT log T ~.56 (10°T?) 4-.42 (10°T-1) +.72.66T | 
Entropy, cal./deg./mole at 298°K : (solid) 16.8. .03 1, 2,9 
(gas) 55.9 +: 5 3 
Ses Tables b and c 
Melting Point: _ 2190°K (1917°C) 9 
Heat of Fusicn. KealYinete a 18.8 + 2.0 i 24 
Boiling Point: i a about 2273°K (2000°C) 1 
Transition Point: ee eam 
Heat of Sublimation, cal./mole: 90.0 ee 24 
b. HEAT CONTENT AND ENTROPY OF Bate), 4 
(Base, crystals at 298.15°K; mol. wt., 152.36) 
7 T, °K . Hy - Haos.15 Sr -Sees.15 T, °K Hy — Hove .15 Sr — Seve. 1s 
cal./mole cal./deg. cal./inole cal./deg. 
mole mole 
400 ..... 4170 ~—~—«“‘«~zWW@dG]:!;*SC*‘YS«CGBODCW., 13,090 18.77 
500 ..... 2380 #607 +| 1400 ..... 14,520 19.83 
600 ..... 3660 . i(i$#8&40 | 1500 ..... 15,970 20.838 
WO ..... 4980 17,440 21.78 
* 800 ..... 63800 1220 | 1700 ..... 18,920 22.07 
1 7620 18.75 | 1800 ..... 20,420 23.53 
WG... 8950 15.15 | 1900 ..... 21,930 24.35 
1100 2... 10300 1644 | 2000 ..... 23,480 25.13 


Barium Oxide, BaQ (page 3) 


=> 


BaO (c): 


i2.5 percent ; 298° -2000°K)} 
Heat Capacity: C,-= 11.79 + 1.88 « 10 °T-— 0.88 « 10°T? 


c. HEAT CONTEN'! AND ENTROPY OF BaO (g) | 4 
(Base, ideal gas at 293.15°K: rol. wt., 163.36) 
T, °K H, FF, Hops.is S; ne Sopa.is Z, °K Hy ics Hove ss S- =, Sros.16 
cal./mole cal./deg. cai/mole cal. /deg. 
inole | role 
400...... 820. 236 | t000...... 5985 1021 
500 ...... 1650 4.21 1200 ...,.. 7750 11,82 
600 ...... 2560 5.76 14400 .. 2... 9520 13.18 
700 ...... 3365 7.10 1600 ..... 11,295 14.37 
BM0 . 2. wee 4235 8.26 1800 ..... 13,075 15.42 
$900 ...... . 5110 9.23 2000 ..... 14,855 16.35 
Bad? (gz): 
Enthalpy : Wp — Hogs, -5 == 8.62T + 0.10 « 10°°T? + 0.67 x 105T — 2804 4 
(0.5 percent ; 298° --.2000°K ) 
Heat Capacity: C, == 8.62 + 0.20 x 10*T ~ 0.67 « 10°T? 
Decomposition Temperature: ) When heated in cir at 450°C, it combines 29 
bith G and forms PaO... On further heating 
Decomposition Products: above 600°C, BzeG, loses O and reforms BaO. 
Vapor Pressure: 0.00076 mm. at 1650°K 41 
For the range 900-1200°C : log P = - (19400/T + 8.69) Addnl. Ref. t 
X-Rey Crystallographic Data: 
System Svace Group 2 Molecules/Unit Cell | 1 
cubic dE 5.50 4 
Hygroscopicity: absorbs water with formation of Ba(OF'). with evel“tion of | 29 
much heat 
Absorbs moisture and CO, on exposure to air and forms BaCO;. 
Caution: Keep in tigntly closed container. 
Solubility Data: In water: 1.5 g./ml., decomposes a 
90.2 g./109 ml. at 80°C 
In dil. acids, alcohol: soluble 23 
In CH;OH, C.H;0H: slowly soluble 
In NH,g, acetic acid: insoluble 
Health Hazard: Poisonous. Irritates eyes, ears, nose, throat, and skin. Produces | 12, 29, 50V7 
Saami Gastrointestinal irritant: 1 
AC. 0.5 ‘ 
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Be.‘um Oxide, BuO (page 4) 


Sefety Classifications: 


OSM: not specifically listed 
2cC: not specifically listed 
ULN.: classified under “Poison 


ous (toxic) substances.’ 


sire and Explesicn Hazard: Produces censiderable heat on contact with water | 12 
or steam. Some hazurd by chemical reaction. 


Flectrostatic Senuilrcity : —— 


Use in Pyrotechnics: BaO ia a product of the burning of many bsr‘um com. 
pounds. 


Additional References: 
1) OA, 52,2446 (1958) 


Percent. Oxygen. 

Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color: 

Hensity, g/ml: 

Coefficient of Therma! Joxpansion: 
Heat of Formation, Keal./mole at 298°K: 
Free Energy of Formation: 
Entropy, cal./deg./mole at 255.16°K: 
Melting Point: 


Heat of Fusion: 
Boiling Point: 


Heat of Vanorization: 
Transition Points: 


Heat of Sublimation: 

Heat Content or Enthalpy: 
Feat Capacity: 
Decomposition Temperature: 


Decomposition Products: 
For DTA and TGA see Ref. 33 


Vapor Pressure: 
X-Ray Crystallographic Data: 


System Space Group a b 
rhombic Vv is 5.29 = 8.88 
Hygroscopicity : 


Solubility Data: {n water, 2./100 m1. : 
Solubility in Nonaqueous Solvents, at 25°C: 
Solvent 
' acetone 

n-buty] alcohol 

ethyl acetate 

furfural (at 20°C) 

methy! alcoho! 

n-prc pyl alcohol} 
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SARIUM PERCHLORATE. Ba(Cid,), 


38.06 


336.27 


hexagonal 
colorless 
{solid} (3H,0) 2.74 


(c) -192.8 

57.7 

BBICK (414°C) .- 

TIRK /505°C) 

decumposes at 673°K 
(400°C) 

decomposes above 798°K 
(520°C) 


n to B at BSTOK (284°C) 
8 to-, at 633°K (260°°) 


vigorous decomposition 
at 504°C 


BaCl, and 0, 


ec Molecules/Unit Cell 
6.41 4 


198.5 at 25°; very sol. hot 


£100 a. solvent 


Rete 


12 
Addni. Ref 1 


72 
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Addn. Vef. 1 


Beriam Perc dorate, Ba(ClOy) 2 (page 2) 


Health Hazard: Ba(ClO,), is poisonous, irritates the eyes, nose, throat, and | 12, 26, 29, 
produces durmatitis. [t may affect the central nervous system and kidneys. | 5OVT 
Its harmtul etfects are mainly due to the barium ion, Gastre‘ntestinal 


irritant. : 
Caution: Avoid skin contact. 65 
M.AC.: 0.5 14 


Safety Clagsifications : 
OSM: Class 1. Ciass 2 wren not packed in original shipping contarzer or 
equivalent. 
ICC: Oxidizing meterial, yellow :abe!l. Liste? under “Expiosives and 
Other Dangerous Articles.” 


fire and Explosion Hazard: Ba(Ci€,). is dangerous because it may be expivded | 12, 14 
by shock, heat, or chemical reaction. It focms explosive m‘xtures with 
carbonaceous material, S. powdersd Mg, and Al. fi emit: highly toxic 
fumes when heated. Fires involving perchiorates alone may Se fought with 
water, 


erento em sums neta 


Llectrasitatic Sensitivity - nee 


Used in Pyrotechnics: Ba(C}O,)- is used as an oxidizer. and to give a green | 17 
color t~. burning compositions. 


Additiora] References: 
1) C.A. 51,2439 (1957) 


BAGO PRORPS GD de. TEAR: 


| 
(Wb ann Biewxdelo, SSaeduesss Barpeceadiae:, Barturng fess. seie ‘ 
Pereent Oxygen: fey 
Specification No: FANGS CY 
The sreeification covers ene prade aad threo clesses thet Gitler rs yeccdes | 
lation, 
Moleeala. Weight: 169.86 
Orystalline i‘orm: powder | 
Color: white to prey i 
Density, g/ml: (solid) 1.96 | af 
Ccefficient of Thermal Exp: nsion: ——— | 
Heat of Formation, I.cal./male at 298° K - 150.5 | 1,4 
Free snergy of *ormation: | 4 
HEAT AND FREE ENERGY OF FORMATION OF Hat, fc) { 
(Moi. wi., 169.35} £, 
a ae AH (cal./mole) AF (ea, /mole) 4 


293.16 .. -153,000 (+ €700°) -140,500 (+ 6000) a 
400 2... , —153,0006 -3°9,500 ; 
o00 1... -152,500 132,000 
600 .... -152,000 -128,000 

: ee -152,000 126,500 
648 .... -152,000 126,509 
70 ...., -—152,000 -124,000 
800 .... --151,500 -120,500 
900 ..., -151,000 -116,500 
977 .... -151,000 -113,500 
977... --1538,000 - 713,500 
1000 .... -153,009 ~112,509 
1100 2... —152,500 108,590 
1200 .... ~152,500 104,500 
1300 ..., -152,000 ~*00,500 
1490 1... —131,500 --96,500 
1500... ~151,600 92,500 


eit dines ta i 


Phase Changes of fetal 
T.P. (a2), 648°K ; 
AH - 140 eal./g.-atom 
M.P., 977°K; AK == 2250 cal./g.-atom 


Berium Pcroxide, BaQ, (page 2) 
Free Energy «:quations: 


Reaction Range of Validity, °K 
1) Ba(a) + 02.(g) = BaO, (c) 298.16 to 648 
AFs =:-— 154,830 -11. OST log T + .87 (10°5T?) + .42 (10°T*) + 74.48T 
2) Ba(p) + 0:(g} == BaO.(c) 648 to 977 
FS, = — 154,380 -679T log T— .56 (10°T2) + .42 (10°T) + 62.78T 
8) Ba) * 0.(g) = Bad, (c) 377 to 1500 
— 156,140 - 5.€4T log T -.56 (10°T?) + .42 (10°T) + 61.09T 
rane eal./deg./mole at 298°K: (c) 18.5 
Melting Point: 723°K (450°C) 
Eeat of Fusion, Keal./mole: 5.7 
Boiling Point: loses O at 1073°K (800°C) 


decomposes at 1110°K 
(837°C) at 1 atm. 


Transition Point: a 
Heat of Sublimation: age 
Heat Content or Enthaipy: —- 
Heat Capacity: —_—- 


See Rof. 2 
Decomposition Temperature, °C: 800 
For BTA sca Rof. 33 
Decomposition Products: BaO + O 


Vanor Pressure: 


Dissociation Preas. : 760 mm. at 795°C 
Press. atm. 0.0149 0.0861__0.1855 0.945 1220 «+1634 
temp. wR  891.1 e701 iol0i i081 «1126.1 


X-Ray Crystallographic Data: 


System Space trroup a c Molecules/Unit Geli 
tetragonal Ww 5.24 6.77 
Me 5.39 6.35 4 


Hygroscopicity: Slowly decomposes in air and on contact with water. Combines 
with water to form BaC.-8H,0 
Gain in mg./g. at R.T. after equil. was established in vac. desic. 


Reagent Grade: 


RH.% 65 7 si 
24 hrs. 06 6° — 28.7 48.0 
Equil. El a eee 73.1 126.0 
Solubility Data: In cold water: very soluble 
In hot water: decomposes 
In dilute acids: soluble; with decomposi- 
tion forming H,0, 
{n acetone: insoluble 


tS A cer U crip reper penn 


Cm DQ mi H 


1 


29 and 
Addn! Pefs. 


’ 7 


Addn. Ref. 1 
A2VT 
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Farium Peroxide, BaD. (page 3) 


Heaith Hazard: BaO, is poisonous. It irritates the eyes, nose, and throat, and 
produces dermatitis. Gastrointestinal irritant. 
M.A.C.: 0.5 


Sa‘ety Classifications: 
OSM: pci 1. Class 2 when not packed in original containers or equivy- 
alent. 
IcC: Oxidizing material; yeliow label. 
Fire and Explosion Hazard: As au oxidizer it is dangerous when heated with 
reducing material; may result in detonation. 


Electrostatic Sensitivity: ss 


Use in Pyrotechnics: BaO, is used as an oxidizer and to impart a green color 
to burning compositions. It is used in igniter and tracer compositions. 


Additional References: 
1) “The Decomposition of Barium Peroxide and the Reactivity of the 
Resulting Barium Oxide,” J. A. Hedvall, Zeit. anorg. Chem. 104, 163 
(1918) ; J. Chem. Soc. Abstracts 1919 ii, 26 


2) “Kinetics of the dissociation of Ba and Ca peroxides,” M. M. Pavlyu- 
chenco and Yu S. Rubinchik, C.A. 52, 19362 (1958) 
8) “Heating curves for the hydrates of the peroxides of the Group II 


metals,” I. I. Vol’nov, C.A. 52, 19384 (1958) 


29, 12, 50V7 


14 


12 
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BENZANTHRONE, C,,H,,0 Refs. 


(7-oxo-7-benz(d,e)anthraquinone, 7-H-bei:z(d,e) anthracene-7-one, 
7-meso-benzanthrone, Benzan B, Research Vat Golden Yellow GK) 


Structural Formula: Gee 


(0) 
Specification Neo.: MIL-B-50074 
The specification requires: purity—minimum 77% 
water—maximum 1% 
Molecular Weight: 230.25 
Crystalline Form: 
From alcohol or benzene: orthorhombic t 
From nitrobenzene: needles ; -ddni. Ref. 3 
Color: pale yellow 
Density, g./ml.: (solid) 1.371 Au ‘nl. Ref. 3 
Coefficient of Thermal Expansion: —-- 
Heat of Fermation: — 
Free Energy: — 
Entropy: 
Melting Point: 447°K (174°C) 1 
426.1°K (178.1°C) Addni. Ref. 1 
Heat of Fusion: — 
Boiling Point: —_— 
Transition Point: —_—- 
= Heat of Sublimation: — | 
Heat Content or Enthalpy: — | 
Heat Capacity: eee 
Decomposition Temperature, °C: about 426° (see below ) 1 
For DTA and TGA see Refs. 80 and 81 
Decomposition Products: — ' 
Vapor Pressure: ' 
YPresssmm. 1 #4510  }& 10” WW | 1 
mn. °C 225.0 297.2 860.0 890_——428.6 with decompn 
’ 
58 


Benzanthrone (page 2) 


X-Ray Crystallographic Data: Molecules/ 
System Space ee a b € Unit Cell 18V III, 

orthorhomic 14.57 15.00 5.07 4 Addai. Ref. 3 

‘Fo. bond lengths see are Ref. 2 

Hygroscopicity : — 

Solubility Data: at 20°C per 100 g. solvent, 29 
glacia} acetic acid: 0.52 
benzene: 0.61 
chiorbenzene : 2.05 
in tetrachlorethane: soluble 89V14 
In con. $4,50,: soluble, giving an orange- | 88V7 11 


red color with an olive- 
green fluorescence 


‘In toluene: soluble 


Health Hazard: Some, as indicated by the spec. requirement that “each con- 
tainer shall be conspicuously labeled: ‘CAUTION — AVOID SKIN CON- 
TACT; USE WiTH ADEQUATE VENTILATION.’ ” 


Fire and Explosion Hazard: slight when hea‘ed ; 12 eee 
emits smoke Ss She 


Safety Classifications: 
OSM: not. listed 
ICC: . not listed 
Electrostatic Sensitivity: 
Use in Pyrotechnics: To produce a yellow color in smoke grenades. 


Additional References: 
1) “Freezing Point and Purity Data for Some Organic Compounds,” C. 
R. Witschonke, Anal. Chem. 26, 563 (1954) 
2) “Calculated Bond Lengths in Some Cyclic Compounds, Part Il. Ben- 
zanthrone, Acedianthrone, and Flavanthrone,” T. H. Goodwin, J. Chem. 
Sor. 1955, 1689 


3) “Cell Dimensions and Space Groups of Some Carbocyclic Compounds,” 
H. C. Boyd et.al., Acta Cryst. 7, 142 (1954) 


57 


| 
| 


BLACK POWDER 
(Gunpowder ) 


ssiack powder is an intimate mechanical mixture of potassinm or sodium 
nitrate, charcoal, and sulfur. Willow or alder charcoal and flour of sulfur and 
2-3% of water are wel! mixed in a tumbling barrel. This mixture is trans- 
ferred to a wheel mill and the desired amount of crystalline potassium nitrate 
and several percent of water are added. The mill is run for several hours to 
obtain a uniform mixture. During mixing the mixture is kept damp by the addi- 
tion of water. The mixture is pressed at about 6000 psi and then broken up by 
passing between rolls. Broken pieces are screened into sizes and material of 
undesired size is reconsolidated and passed through rolls and screened. Material 
of acceptable size is then thoroughly dried in hot air ovens at about 60°C. The 
material may be polished before drying by rotating it in « tumbling barrel. 
After tumbling, the black powder is sieved and the fines removed. 


Biack powder is sensitive to friction, heat, and impact, and is very danger- 
ous to handle. It absorbs moizture and deteriorates rapidly. If kept dry, it will 
retain its properties indefinite!v. Combustible materials that have absorbed 
liquors leached from black powder are a severe fire hazard and may become 
explosive. Every safety precaution should be taken in black powder manufac- 
ture and operations. 


Black powder has a compvosition close to the stoichiometric proportions 
needed to satisfy the equation: 


2KNO; + S + 8C—>K.S + 38CO. + Ne 
In practice, the proportions may be varied slightly. 


Formula (specification) : KNOs, 74.0% 
S, 10.4% 
: charcoal, 15.6% 
Specification No.: JAN-P-223A 
(all seven grades listed in the specification are used in pyrotechnics) 
Crystalline Form: mechanical mixture 
Color: wie, 7 black 
Density, g./ml.: approx. 1.6, variable de- 


pending mainly on condi- 
tions of preparation 


Decomposition Temperature: Exothermal preigniticn reaction starts at about 
250°C and cu'ininates at approximately 300°C (DTA and TGA curves). 


Decomposition Products: oie md 


Hygroscopicity: Black powder is apurecially hygroscopic and is prepared and 
kept under conditions of low 
adversely affected. 
Temp.°C R.H.% Gain % 


26 16 0.75 
25 90 1.91 
80 90 2.51 


umidity so that its properties will not be 


Refs. 


15, 50V6 


14, 13 


13 


Addnl. Ref. 4 
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Black Powder (page 2) 


Explosion Data: 
Specific Volume at S.T.P., ]./kg.: 
Explosion Temperature, °C: 
Heat of Explosion, Keal./kg.: 
Characteristic Product (VoQ): 


285 (H.O gas) Addn]. Ref. 5 
2770 
685 (HO liquid) 


195,200 


The equation for the burning of black powder has been given as approxi- | 50V6 


mately: 


T4KNO3 + 96C + 80S 4- 16H.0=+25N, + 56CO, + 14CO + 3CH, + 2H:S 
+ 4H, + 19K.CO3 + 7K2S0, + 8K2S20, + 2K28 + 2KSCN + (NH,)2 C0, 


+C+S5 
For other equations see Ref. 54V2 
Health Hazard: 


Safety Classifications: 
OSM: Ciass 9 (in charges or containers) 


ICC: Class A explosive, not accepted for railway express. Black powder 
igniters with empty cartridge bags, clagsified class C explosives. 


Fire and Explosion Hazard: Black powder can be detonatod by friction, heat, 


and impact. 


Electrostatic Sensitivity : 
energy required to ignition: 


Impact Sensitivity, 2 kg. weight falling on 16 mg. sample: 
(10% Point) 
(10% Point) 


Bureau of Mines Apparatus, cm. 32 
P.A. Apparatus, in. 16 


14 


unconfined ‘> 12.5 joules | Addnl. Ref. 6 


confined 0.8 joules 


Foilowing 
data on this 
page from 13 


Initiating Efficiency (min. wt. in grams required to initiate B.P.): 
2.0 


Ygniter Composition K-31: 

Igniter Composition K-29: 
Friction Pendulum Test: 

Steel shoe: 

Fibre shoe: 


none mentioned 
2.3 


snaps 
unaffected 


sion Temperature Test: (0.02 g. sample in No. 6 copper detonating cap) 


Seconds Temp. °C 


0.1 (nocapused) 510 
1 


490 
5 427 ignited 
10 356 
75% Internationa’ Heat Test: 
Loss in 48 hrs., woivht %: 0.31 
Vacuum Stability Tests, ec./hrs.cn 5g. sample: 100°C, 0.6 
120°C, 0.9 
Sand Test, with 200 g. bomb a: ’ 0.4 g. sample of black powder: 
Grams sand crushed to pass. _--mesh screen: 8 
Sensitivity : tetryl, 0.25 g. 
Ballistic Mortar, % of TNT: 59 


Blavi: Powder (page 3) 


} 

Trauzi Test, % of TNT: 10 

i Detonation Rate, meters/sec. at density 1.6: 400 

Heat of Explosion, cal./g.: 684 

: Gas Volume on Explosion, cc./g. 271 

! Method cf Loading: 1) loose (granulated) 
2) pressed 


= 33 rit = in x « = BR ant. 
: Loading Genaiiy, g/cc. In tounauds of poi: 


R psi 25 50 60 65 70 15 " 
' Density 1.74 184 186 187 188 1.89 
Method of Storage: dry 
100° Vacuum Stability Test, cc. gas/40 hrs. frorn a 5 py. sample: 
Initial value: 0.5 
After 2 years at 65°C: 0.86 
After 2 years at 65°C and 75% R.H.: 1.46 


Compatibility with metals: 
Dry—compatible with all met-1s when moisture cv itent is less than 0.2%. 
Wet—attacks all common metals except stainles: steel. 
Destruction: 14 
Black powder may be completely destroyed by leaching or washing with 
; large quantities of water and disposiny of the washings separately from 
is the residue. 
. Use in Pyrotechnics: Black powder is used as an igniter powder, and in time 
“ings (fuzes), fireworks, rockets, Roman candles, and firecrackers. 


Additional References: 
1) “Initiation, Burning and Thermal Decomposition of Gunpowder,” J. 
Blackwood and F. Bowden, Proc. Roy. Soc. 213, 285 (1952) 
2) “Chemistry vf Powder and Explosives,” T. L. Davis, John Wiley & 
Sons, Inc., New York (1943) 
3) Refs. 52V4 and 54V2 
4) “A Thermoanalytical Study of the Ignition and Combustion of Black 
Powder,” C. Campbell and G. Weingarten, Trans. Faraday Soc. 55, 
2221 (1959) 
5) “Explosives,” H. Brunswig, John Wiley & Sons, Inz., New York (1912) 
; 6) “Sensitivity of Explosives to Initiation by Electrostatic Dischai gs,” 
‘ ise et al., U.S. Dept. of Interior. Bureau of Mines, R.I. 3852 


1 ae COP TOG TM 
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BORON, 8 
Specification No.: PAPD-451 
Molecular Weight: 10.82 
Crystalline Form: tuchoclinic crystals or 
amorphous powder 
Colcr. yellow or brown 


~ 


Density, g./ml.: (c) ao (amor.) 2.37 


Coefficient. of Thermal Fixnansion. 
linear, 20-750°C: 17.4 x id* per °C. 


Heat of Fermation, Keal./mete at Z98°K: (gas) 97.2 

Free Energy of Formation, Kcal./mole at 298°K: ‘gas) 86.7 

Entropy, Kceal./mole at 298°K: (c} 1.40 

(gas-monatomic) — 
36.65 | 
See Table a 

Melting Point: 2318°K (2037 + 37°C) 

Heat of Fusion, cal./mole: 5300 

Boiling Point: 4198°K (39275°C) 

Heat of Vaporization, cal./mole: 128,000 

Transition Point: — 

Heat of Sublimation, cal./mole at 298°K: 141,000 


Heat Content or Enthalpy, cal./mole at 298°K: 292 


See Tables a and b 
Heat Capacity, cal./deg./mole at 298°K : (solid) 2.63 
(liquid) 7.5 
(gas) 4.97 
See equstions under Tables a ard b 
a. HEAT CONTENT AND ENTROPY OF B(c, 1) 
(Base, crystals at 298.15°K ; atomic wt. 10.82) 
aK Hy — Hoss.1s Sr-S, 
eal./mole 


cal./mole 


> 8 ewe 


eee we 


a 


eee ae 


, 2 we 


61 


5.9 


Beron, B (page 2) 
Bye): 
Enthalpy : Hr — Hoos.15 = 4.13T -++- 0.83 >< 10-°T? + 1.76 & 10°T-! — 1895 
{2.1 percent ; 298° — 2800°K) 
Heat Ca _ city: C,== 4.13 + 1.66 x 10°T- 1.76 x 10°T-? 
B(): 
Enthalpy : Hy — Hoos,1s == 7.50T + 130 (0.1 percent ; 2200° — 3000°K) 


b. HEAT CONTENT AND ENTROPY OF B(amcr.) 4 
(Base, amorphous substance at 298.15°K ; atomic wt., 10.82) 
T, °K Hy = STu98.15 Se — 298, in | T, °K H. = Rope 15 Sy = Suss.1s 
cal./mole cal./deg. cal./mote cal./deg. 
mole mole 
400 ...... 850 100 | 900 ..... 5.40 
600 ...... 7385 1.97 1000 ..... 3840 6.12 
600 ...... 1295 2.90 1100 .. 2... 4,35 6.78 
TOO. ee 1870 3.78 1200 ..... 5255 7.40 
gon . 2500 


B(amor.) : 
Enthalpy : Hy — Hags.13 == 8.34T + 1.98 < 10-°T? + 1.48 x 105T-1 -. 1668 
(1.1 percent ; 298° - 1200°K) 
Heat Capacity : C, = 8.34 + 3.96 x 10°T - 1.48 >< 10°T-? 


c. HEAT CAPACITY OF B 
(Solid to 2300°K ; liquid from 2300° to 3000°K) 


T, °K Co (cal./deg./mole) 
298 2.63 
400 3.45 
800 5.85 
1200 6.27 ‘ 
1600 6.78 
2000 7.20 
2200 7.40 
2300-3600 7.50 


Decomposition Temperature: —= 
Decomposition Products: —_— 


Vapor Pressure: 56 
Press.mm. 10° 10+ 10+ 10? I 10? 760 M.P. 


Temp.°K 1650 1850 2100 2430 2980 3780 4200 2300 


Boron, B (page 3) 
X-Ray Crystallographic Data: 


System Space Group a c Molecules/Unit Celi | 18 
tetragonal D§, or Cf, 8.73A 5.08 56 
hexagonal 11.98 9.54 186 
See also Ref. 44813 sup 
Hygruscopicity : 
Solubility Dav: In water: insoluble (slightly soluble | 1,29 
when freshly prepared) 
In HNOs, H.S0O,: soluble 
In alc., eth., alk.: insoluble 


“ealth Hazard: Boron is not highly toxic put it 1s a cumulative poison which | 12, 25 
affects the central nervous system. 


Safety Classification: 
OSM: Class 2 when not packed in origina! containers or cquivalent. 


Fire and Explosion Hazard: Boron dust is dangerous as it can ignite on contact | 12, 14,16 

with air and explode. It reacts with oxidizing agents and is a dangerous 
fire and explosion hazard. It burns with intense heat. In the presence of 
moisture hydrogen may be evolved. Therefore B should be stored in a dry 
atmosphere and in a properly vented building. Use only nonsparking tools 
around B, To fight a fire use no water; use powdered graphite, dolomite, 
Sai, or other inert material. At about 600° it ignites and burns with a 
brilliant green flame. 


Electrostatic Sensitivity: —_—— 
Use in Ep orechniee Boron 13 used as a component of non-gaseous fuze 
pow¢2rs. 


..dditional References: 
1) “Boron,” J. A. Kohn et al., eds., Pienum Press, Inc., New York (1960). 
Proceedings of the Conference on Boron, sponsored by the Institute for 
Exploratory Researck, The U.S. Army Signal Research and Develop- 

ment Laboratory, Fort Monmovth, N.J. 


CALCIUM, Ca 


Srocification No.: 
Molecular Weight: 
Crystalline Form: 
Color: 


Density, g./ml.: 

Coefficient of Thermal Expansion, linear, 0-300°: 
cubic, 0-21°: 

neat of Formation, Keal./mole at 298°K: 


Free Energy of Formation, Keal./mole at 298°K: 


Entropy, cal./deg./mole, at 298°K: 


See Tables a, b, and c 

Melting Point: 

Heat of Fusion, cal./mole: 

Boiling Point: 

Heat of Vaporization, cal./mole: 

Transition Point: 

Heat of Transition, cal./mole: 

Heat of Sublimation, cal./mole, at 298°K: 

Heat Content or Enthalpy, cal./mole at 298°K: 
See Tables a, b, and c 


Heat Capacity, cal./dex./mole at 298°K: 
See data below 


eeectiaa ey WORM ARMM gett aig cesta Bt Papen epieee OE pn Renee a elaceste* SRO Taeace Se 


Refs. 


1Z056A (tech.) 
40.08 
cubic i 


silvery white when first 29 
cut; tarnishes to biue-grey 
on exposure to air 


(solid) 1.55 1 
22K 104 36 
717 x 10° 

(gas) 42.200 5 
(gas) 34.138 5 
(c) 9.95 + .10 3, 5 
(gas) 36.99 5 
1123°K (850°C) 4,5 
2070 + 80 4,5 
1765°K (1492°C) 5 
35,849 5 
ato B 713°K (440°C) | 4,5 
270 4 
42,200 5 
(solid) 1880 5 
(solid) 6.30 4,5 
(liquid) 7.40 

(gas) 4.97 


«. HEAT CONTENT AND ENTROPY OF Caic. !) 
(Base, a-crystale at 2$8.15°K; atomic wt., 40.08) 


T, °K Hy — Hyes.15 s- Sroa.is 
cal; mole cel./deg. 
mole 


T,°K Hy — Hoss.15 Sr-Soes.15 


400 ..... 860 

500... 1340 

600 ..... 2055 4.72 1800 x svar 9465 12.72 
700 ..... 2800 5.87 | 1800... . 10,205 18.8% 
713 (a)... 2300 6.01 1400 ..... 10,945 18.86 
718 (a)... 8170 6.89 1500 ..... 11,685 14.87 
B90 6... 8850 7.29 1609 1... 12,425 14.85 
909 ..... 4690 8.28 i eae 18,165 15.80 
1000 ..... 5605 9.24 1800 ..... 18,905 15.72 
1100... . 6590 10.18 


Calcium, Ca (page 2) | 
Ca(a): 
Enthalpy : Hy ~ Hoos.1s == 6.25T +- 1.72 & 1088? -- 1718 (0.3 percent ; 298° -- 713°.) 
Meat Capacity: C, 5.28 | 3.44 « 10°T | 
Ca(g): 
Enthalpy: Hy — Hoeos.35 == 2.687 -+ 3.40 ¢ 10°°T? — 472 (0.3 percent ; 712° - 1123°K) 
Heat Capacity : C, == 2.68 -+ 6.80 x 10°T 
Cai): 
Enthalpy : Hy -- Haos.15 = 7.40T + 585 (0.1 percent ; 1122° - 1806°K ) 


{ ic. HEAT CONTENT AND ENTROPY OF Ca(g) 4 
(Base, idea] gas at 298.15°K; atomic wt., 10.08) 
Be T, °K Hyr- Hoos. is Sx - S208. 15 T, °K Hr Eyos.15 Sr -Seosis 
ae cal./mole cal ‘deg. cal./mole cai./deg. 
mole mole 
400 .. 2... 505 1.46 1900 ..... 7965 9.2 
500 ..... 1005 2.57 2000 ..... 8465 9.46 
600 ..... 1506 3.48 2200 ..... 9479 9.94 
700 2... 1995 «4,24 2400 ..... 10,490 10.39 
800 ..... 2495 4,90 2600 ..... 11,535 10.80 
900 ..... 2990 5.49 2800 ..... 12,615 11.20 
A : i000 ..... 8490 6.01 3000... 18,745 11.59 
. 1100 ..... 3985 3.49 3500 ...., 16,880 12.56 
oe 1Z00 ..... 44806 6.92 4000 ..... 20,670 13.57 
A 13800 ..... 4980 7.32 4500 ..... 25,250 "4,64 
4 1400 ..... 5475 7.69 5000 ..... 30,685 15.79 
a 1500 ..... 5975 8.02 $000 ..... 48,870 18.18 
. : : 1600 ..... 6470 8.35 ; 7000 ..... 59,065 2u.57 
3g 1700 ..... 6970 8.65 8000 ..... 76,240 22.51 
. 1800 ..... 7465 8.94 
“4 Ca(g): 


Enthalpy: Hy — Hoss.1s == 4.977 — 1482 (0.1 percent ; 298° — 2500°K) 


65 


a 


Calcium, Ca (page 3) 
ec. HEAT CAPACITY OF Ca 5 


Solid i from 298° - 715-K | ~~ Liquid fre from 1123°-1765°K 


Solid II from 713° — 11238°K Gas (mun) from 1765° - 3000°K 
T, °K G (eal deg, deg./mole) T, °K Ce (cal./deg./mole) 


298 6.30 1200 v0 
400 664 1700 7.40 
600 Tei 1800 4.99 
700 T.64 2200 5.06 
800 8.05 2600 5.50 { 
960 8.70 2000 5.80 : 
1000 9.49 | H 
1100 10.48 p : 
Decomposition Temperature: —_— 
Decomposition Products: DTA 33 
Vapor Pressure: 1 


“Press.mm. ‘10 40 i100 «490 «760 ~«M~P.: 
Temp. °C 9838. 1111 1207. 1888 1487 851 


X-Ray Crystallographic Data: 
System Space Group a Atoms/Unit Cell i 
cubic OF 5.56 4 
Hygroscopicity : Reacts with water (much slower than does sodium) to form | 1,2¢ 
Ca(OH), and hydrogen. 


Solubility Data: In water: reacts to form Ca(OH). 1 
and hydrogen 
Tn acids. soluble 
In alcohol: slightly soluble, with 
which it reacts slowly 
In benzene, liquid NH,;, kerosene: insoluble 29 
Heolth Hazard: caustic ty all tissues 
Safety Classifications: i 
OSM: not listed | 
Icc: not listed 
ULN.: not listed 


Fire and Evplosion Hazard. The powdered metal exposed to air is a dangerous | 12, 14, 29 ‘. 
fire hazard. It burns with intense hea: and a crimson flame. When com- | : 
pounded with oxidizing acents the powdered metal is both 1 dangerous fire | : 
and explosion hazard. It isa strong reducing agent. Contact with alkali hy- 

| 


droxides or carbonates may cause detonation. Precautions should be taken 
to prevent water from contacting the material. Store and process it only 
in rooms or buildings adeatiately vented at the highest point to prevent 


Calcium, Ca (page 4) 


accumulation of evolved hydregen gas which results from the ivacti in of 
powdered metai and moisture. In the repair or maintenance of buildings 
or equipment, powder oy dust should be removed and non-sparking tocls 
used. CCl, should not be used near calcium as an explosion may occur. Addnl. Ref. 2 


Electrostatic Sensitivity: —- 
Use in Pyrotechnics: As a fue' and to impart a crimson color te burning com- 
nositions, , 


AEA ie een nae ae PE A Ream P ae 
rane 


Additional References: 
1) Ref, 94 ; 
2) C.A. 37, 2578 (1943) J 
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| CALCIUM CARBONATE, CaCO, Refs. , 
. (Marble, Prezipitated Chalk, Whiting, Wiiite Chelk, Prepared Chalk, | 1, 11,29 , 
| ‘ Calette, Drop Chalk, Paria White, English White, leeland Spar) 
S  Speciffeation No.: JAN-C-293 
{ Moiecular Weight : 100.09 
| Crystalline Form: (aragunite} rhornbic 1 ; 
t (calcite) hexagonal 
Color: colorless 1 | 
Density, g./ml.: (aragonite) 2.93 1 ! 
{calcite} 2.711 i 
| Coefficient of Thermal Expansion, f 
: cubical, marble: 0.8 -0.6 « 10-* 1 i 
i. Iceland Spar, 50-60°C: 0.1447 x 10+ 1 i 
i calcite, linear — para'lel to axis, 0-85°C: 25.14 x 10 1 j 
cular to ar, -85°C: 5.88 > 10°¢ 4 
i Heat of Formatiou, Keal./mole at 298°K: aragonite (c)~288.49 1,9 3 
| calcite (c)-288.45 
Free Energy of Formation, Keal./mole at 298°K: aragonite (c)-269.53 1,9 i 
calcite (c)-269.78 
if Entropy, cal./deg./moie at 298°K: (aragonite) 22.2 =- 0.8 8 { 
i (calcite) 222+02 8 
gee Tables a and b 
: Melting Point: (eragonite) about 1098°K | 1 
H 825°C 
(at 102.5 atm.) (calcite) 1612°K 
; (1889°C) 
Heai cf Fusion, 15°g. cal./mole: 12,700 7 
H Boiling Point: —_—_ 
Transition Poi:t: — 
teens Heat of Sublimaticn: —_— 
: Heat. Content or Enthalpy: see below 
a. HEAT CONTENT AND ENTROPY OF CaCO, (CALCITE) 4 
(Base, crystals at 298.15°K ; mol. wt., 100.09) 
j T, XxX H,- Beyss.is “S~ le tT 22290.15 ae <" 218 
‘ cal./1 .cle cal./deg. cal./role cL /deg 
i mole mole 
! mw... 2330 6.388 {| 900 ..... IO 27.81 : 
; 500... 4610 11.71 | 1000 ..... 18,480 80.70 Ps 
ole eeeeands T200 16.48 aah ee ee 21,450 £8.58 } 
FOC... wee 9890 20.57 | 1200 ..... 24,550 36.27 : 
800 ....... 12,600 2427 | eo | 


Caicium Carbonate (page 2) 


CaCO, (calcite) : 
Enthalpy : Hy — Heoe.1s = 24.98T + 2.62 x 10°°T? + 6.20 x 10°T- - 9760 
(0.3 percent ; 298° — 1200°K) 


Heat Capacity : C, == 24.98 + 5.24 x 10°T -6.20 x 10°72 


b. HEAT CONTENT AND ENTROPY OF. CaCO, (ARAGONITE) 4 
(Base, crystals at 298.15°K; mol. wt., 100.09) 


mole 
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CaCO, (aragonite) : | 
Enthalpy : Hy ~ Hays 1 =20.18T + 6.12 x 10°T* + 8.84 x 10°T— 7677 | 
(0.1 percent ; 298° - 600°K) { 


Heat Capacity : C, =: 20.18 +- 20.24 « 10-*T ~ 3.34 « 10°T-3 
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- Heat Capacity, cal./deg./mole: a (aragonite) 19.42 9 
(calcite) 19.57 
Decomposition Temperature : about 825°C 


S. Peltier and C. Duval, Ans). Chim. Acta 1, 345-847 (1947) states chat 
CaCO; loses CO, at 660°C and changes to CaO. See also Addnl. Ref. 1. 


Decomposition Products: CaO + CO, 54V8 
For Dissociation Pressure see Ref. 54V3 ae 
low Pam, = 11,355/T — 5.388 log T + 26.238 42V7 


Vapor Pressure: — 


X-Ray Crystallographic Data: 1 
Space. Axial Molecules/ 
System Group a b € Angle Unit Cell 
aragonite: rhomb. Vis 494 7.94 5.72 4 
calcite: rhbdr. Ds 6.361 a= 46°6’ 2 


Hygroscopicity : oes 


Solubility Data: In water: insoluble 29 
In water saturated with CO,: slightly soluble 
In dilute acids: ae with evolution cf 
py 


e 


a 


' Health Hazard: Large doses may cause constipation 29 


| 
| | 
— 


T, °K Hy ~ Hogs.15 Sr —Saes.15 Br — Hogs.15 Sx —So0e.15 
cal./mole cal./deg. cal./mole cal./deg. 


LS 
| 
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Calcium Carbonate (page 3} i 
Safety Classifications : — 
SM: not listed i 
Icc: not listed \ 
U.LN.: not listed 
Fire and Explosion Hazard: none i 


| Electrostatic Sensitivity : 
Use in Pyrotechnics: CaCO, is used az a retardant and antacid. It imparts a | 1 
| yellow-red color to burning compositions. 


Additional References: 
1) “Differeatial Thermal-Analysis Studies of Ceramic lay me 1, Char- 
acteristic Heat Effects of Some Carbonates”, R. M. Gruver, J. Am. 
Ceram. Soc. 33, 96 (1950) 
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. CALCIUM NITRATE, Ca(NO,), Refs. 
(Lime Saitpeter, Lime Nitrate, Nitro Calcite, Norway Saltpeter) 1,11, 16 
* Percent Oxygen: 58.50 
: Specification No.: none | 
j Molecular Weight: 164.10 : 
\ Crystalline Form: cubic : 1 
Color: colorless 1 i 
' Density, g./ml.: (solid) 2.36 1 
Coefficient of Thermal Expansion: 
Heat of Formation, Kceal./mole at 298°K: (c)-224.0 1,9 
5 i Free Energy of Formation, Kcal./mole et 298°K: (c)—177.34 1,9 
i Entropy, cal./deg./mole at 298°K: 46.2 1, 4,9 ro, 
‘ See table below | : 
| Melting Point: 884°K (531°C) 7,9 | 
| Heat of Fuzion, Keai./mole: 5.1 9 { 
| Boiling Point: decomposes 1 
i Heat of Vaporization: ae | 
Transition Point: — | 
Heat of Sublimation: aon ae 
HEAT CONTENT AND ENTROPY OF Ca(Nos)2(c) 4 { : 
(Base, crystals at 298.15°K; mol. wt., 164.10) Po: 
Hr —- Has.15 Sr —Soos.15 Hy— Hops.15 Sy —Ssss.15 { 
a cal./mole cal./deg. cal./mole be 
mole : . 
Ca(NO3)s(c) : : i 
Enthalpy: Hy — Hoos.1s = 29.87T +- 18.40 < 10°°T? + 4.13 x 10°T"! | ; 
~11,778 (9.8 percent ; 298° -- 800°K) t | 
Heat Capacity : C, = 29.87 +. 36.80 « 10°T~ 4.13 « 10°T? : ' 
| Heat Capacity; cal./deg./mole: (solid) 35.69 2 
See also equation immediately above i 
H Decomposition Temperature: 480-500°C Addn. Ref. 1 i 
| 


Decomposition Products: ——- | 
For DTA and TGA see Refs. 88 and 47 


Vapor Pressure: waweo 


i ee ee 


Caleium Nitrate, Ca(NO;33 (page 2) 


X-Ray Crystallographic Data: 
System Space Group a Molecules/Unii Cell 
cubic T¢ 7.60 4 
Hygroscopicity: Deliqueaces in moist sir. Keep in tightly closed container. 
Solubility Data: In water, g./100 ml. at °C: 102 at 0°, 341 at 25°, 
. 376 at 100° 
In acids: very soluble 


In ethyl, acetate, and alcohol: soluble 


Health Hazard: Large amounts taken internally are poisonous. 


Safety Classifications: 

OSM: Class 1 7 

ICC: Listed under “Explosives and Other Dangerous Articles.” Oxidizing 
material; yeliow lapel. ; 


. Fire and Explosion Hazard: Ca(NO,). may explode when shocked, or by heat, 


flame, or chemical reaction. It is a strong oxidizing agent and reacts vigor- 
omey with oxidizable materials. Ca (NO,). emits toxic fumes on decompo- 
sition. 

Electrostatic Sensitivity : — 

Use in Pyrotechnics: Ca (NO). is used as an oxidizer and tc impart a yellow- 
red color to burning compositions. 


ional References: 
1) C.A. 49, 12982 (1955) 


1, 97V7 
29 
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CALCIUM OXALATE, CaC,0,°H,O 


(Monohydrate) 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color: 

Density, g./ml.: 

Coefficient of Thermal Expansion: 

Heat of Formation, Keal./mole at 298°K: 


Free Energy of Formation, Kcal./mole at 298°K : 


Entropy, cal./dez./mole at 298°K : 
Melting Point: 


Heat of Fusion: 

Boiling Point: 

Transition Point: 

Heat of Sublimation: 

Heat: Content or Enthalpy: 

Heat Capacity, cal./deg./mole: 
Decomposition Temperature: TGA 


See pyrolysis curve below 


JAN-C-628 . 


146.12 
monoclinic 
colorless 
(solid) 2.2 


loses H,O a 


t 
418° K (200°C) 


—ee 
—— 
— 
—_awe 


(solid) 36.40 


Decomposition Products: Calcium carbonate, calcium oxide. 


See pyrolysis curve below 


Dissociation Pressure for CaC.Q,: 
T°C Po T°C 


Prim: 


878 8.2 410 250.0 
388 80.0 416 587.0 
408 134.0 418 684.0 


X-Ray Crystallographic Data: 
System Space Group a@ 


ce Molecules/Unit Ceil 


2% H,0 tetragonal Ch 12.302 7.381 
3 H,0 Ch 12.875 7.877 
Hygroscopicity : —_— 
Solubility Data: 
In water, acetic acid, and alcchol : insoluble 
In acids: soluble 


18V2 


1 


dealth Hazard: Corrosive and produces local irritation. Has a caustic effect on | 12 


mouth, esophagus, and stomach. Can cause severe damage to kidneys. 


73 
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Calcium Oxalate, CaC,0,°H,O (page 2) 


Safety Classifications: 
OSM: not listed 
ICC: not listed 

Fire and Explosion Hazard: Can be dangerous when heated to decomposition | 12 
because of toxic fumes. 


Electrostatic Sensitivity : aS 


Pyrolysis Curves of Calcium Oxalate, Carbonate, and Oxide Addnl. Ref. 1 


226° 346° 


. 420° 660° 


840° 980° 


Temperature °C 


Use in Pyrotechnics: As a retardant and to impart a pink color to burning 
compositions, 


Acitional References: 

1) “On the Thermogravimetry of Analytical Precipitates,’ S. Peltier and 
C, Duval, Anal. Chim. Acta 7, 847 (1947) 

2) E. 8. Freeman and B. Carroll, J. Phys. Chem. 63, 894 (1958) 

8) Nature 178,824 (1956) 

4) “Anhydrous Calcimn Oxalate as a Weighing Form for Calcium,” C. C. 
Miller, Analyst 78, 186 (1953) 

5) C.A. 47, 5756 (1953) 
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CALCIUM OXIDE, CaO Refs. 
(Lime, Brrnt Lime, Fat Lime, Quick Lime, Calx, Calcia) 
Specification No.: 


' Molecular Weigl.t: 56.08 
Crystalline Form: cubic 1 
i Color: colorless 1 
a Density, g./ml.: 3.346 1 
‘ f Coefficient of Thermal Expansion, cubical: 5.0 x 107 31 
; Heat of Formation, Keal./mole at 258¢K: (c)-151.9 9 
t See Table a i 
i Free Energy of Formation, Keal./mole at 298°K: (c)-144.4 ° ' 
; See Table a | 
a. HEAT AND FREE ENERGY OF FC.2MATION OF CaO(c) 2 
T, °K HA (cal./mole) Fe (cai./mole) i 
} 298.16... . ~150,650 (+ 400) -148,250 (-+ 500) | 
400 ..... -150,600 -140,600 . 
506... ~150,500 ~138,250 
600 ..... -150,459 ~135,800 i 
Ct ee -150,490 ~134,000 | 
Cl) -150,500 -134,000 
100» eae -150,450 ~183,350 
800 2... -150,400 ~130,900 | 
90-2... -150,300 -128,500 | 
1000 ..... -150,250 -126,050 
1100 ..... ~150,200 -123,600 | 
1126) fee. ts —1bv,200 128,050 
1c ee -152,450 -128,050 | 
| 1200° 6 ack: -152,350 121,050 
| 1800 ..... -152,200 ~118,450 
| 1400 ..... -152,100 -115,850 | 
1500 ..... ~151,950 -118,800 
| 1600 ..... - ‘51,800 ~-110,700 
| 17005 soe eg 151,650 -108,150 
| 1760 ..... -151,550 -106,650 
| 1760 .. .. -188,150 -106,650 | 
1800 ..... -188,000 -104,800 
1900 ..... -187,550 ~100,200 
| 2000 ..... -187,150 -96,550 
s 7 Phase Shanges of Metal 
; T.P.,678°K; ° =115cal./g.-ator 
M.P., 1124°K ; a H -= 2280 cal./g.-atom 
| B.P.; 1760°K ; 4 H = 36,600 cal./g.-atom | 
* UJ 
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Calcium Oxide, CaO (page 2) 
Free Energy Equations: 2 
Reaction Range of Validity, °K 
3) Ca (a) + 4% 0; (¢) = Cel (e) 298.16 to 653 
A FR =~ 151,850 - 6.56T log T -}. 1.46 x 10°T* + 0.68 x 10°T + 43.98T 
2) Ca (A) + 44 0, (g) = CaO (c) 673 to 1124 
A F§ == ~ 161,780 - 4.14T log T +- 0.41 «x 10-°T? + 9.68 x 10°T-" + 87.68T 
8) Ca (1) + 4% 0, (g) == Ca (c) 1124 to 1760 
4 F3 =~ 153,480 — 1.86T log T - 0.29 « 10-°T* + 0.68 x 10°F! 4+. 31.49T 
4) Ca (g} + 4% 0s (g) = Cad (ce) 1760 to 2000 
4 Fg =- 194,670-718T log T- 0.29 x 10-71? + 0.68 x 10°T" + 73.84T ; 
Entvopy, cal./deg./mole at 298°K : (ec) 9.5 $ 
(yas) 52.3 9 
See Table b ; 
b. HEAT CONTENT AND ENTROPY OF CaO (c) 
(Base, crystals st 298.15°K) 4 
Hr - Hyos.1s . T, OK Hy — Heee.15 Sr —Saee.is 
cal./mole i z cal./mole cal./deg. 
i mole 
orveee 1100 848.17 | 1000 ..... 42,11C 17.38 
esaee 2230 669 #=+‘|$ 1400 ..... 3,480 18.36 
wr eee $400 7.892 | 1500 ..... 14,760 19.28 
~- eee 4600 947 +x,'| 1000 ..... 16,100 20.14 
eee es ‘ ‘ 17,440 20.96 
Bc erGiee ees 1€,7° 0 21.72 
Sunt Ae 20,180 22.45 
lotpi talc e 21,480 23.15 
CaQ(c): 
Enthalpy : He ~ Hose. te = 11,67T + 0.54 ¢ 20-*T? + 1.56 x 10°T1- 4951 
(0.8 percent ; 298 - 2000°K ) 
Heat Capacity : C,— 11.67 + 1.08 x 10°°T — 1.56 «x 10°T? 
ce. EKEAT CONTENT AND ENTROPY OF CaO (gas) 
(Base, ideal gas at 298.15°K) . 4 
T, °K Hy — Hices Sr ~- Sree. Hr - Hise, Sr — Sie. 
cal./mole cal./deg. cal./mole cal./deg. 
mole mole. 
40) 2.2.0... 825 288 || 1000 ..... 6005 10.26 ; 
600 ..... 16656 425 ; 1200 ..... T7765 11.87 - 
600 ..... 2515 5.80 1400 ..... 9545 18.28 
700 ..... 3880 7.13 1600... 11,825 14.42 
800 ..... 4250 8.50 1800 2... 18,116 15.47 
_900 ..... 5125 9.88 2000... 14,916 16.42 
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Calcium Oxide, CaO (page 3) 


Enthalpy : Hy — Heos.is—= 8.70T + 6.08 5 Shor 4- 0.74 1U8T 1 2849 
(0.2 percer.t ; 298° ~2000°K } 
Heat Capacity : C, = 8.70 + 0.16 x 16°T - 0.74 « 10°T* 
Melting Point: 2848°K #2570°C) 
Heat of Fusion, Keal./mote: » 32 
Boiling Point: $123°K (28350°C} 
Heat of Vaporization: —— 
Transition Point: —_— 
Heat of Sublimation: —-—- 
Heat Capacity, cal./deg./mole: (solid) 10.23 
See als> equations under Tables b and ¢ 
Decomposition Tempcrature and Products: —— 
Dissociation Pressure: log :9P am, = 2.74/10¢T + 9.97 (over the 
temperature range, 1600 — 1750°K) 
See also Refs. 42V7 and 44B2 for additional values 
X-Ray Crystallographic Data: 


Syatem Space Group a 
cubic Of 4.797 


Hygroscopicity: Very hygroscopic. Combines with water to form Ca(OH):. 
Keep containers dry and tightly closed. 
Solubility Data: In water, 0.181 at 10°C: 


Molerwicr/ Unit Cell 


0.0% at 80°C: reacts to form Ca(OH), 
In acids, glycerol: soluble _ 
In alcohol: insoluble 


Health Hazard: Caustic reaction on skin and respiravory system. The dust iz 
an industrial hazard. Causes dermatitis. Treat with large quantities of 


weter. 
“af-ty Classifications : 
jSM: not iiated 
ICC: not listed 
ULN.: corrosive 


Fire and Explosion Hazard: Slightly dangerous. Produces heat on contact with 
water, steam, acids, or acid fumes. 


Electrostatic Sensitivity : —- 


Use in Pyrotechnics: Calcium oxide is a product of high temperature burning 


of calcium and many of its compounds. 


Additional] References: 
1) Ref. 64 
2) “Vapor Pressure Deterniunation of BaO, SrO and CaO, and Their Brix- 
tures frm Measurements of the Rate of Evaporation,” A. Claassen and 
%. Veenemans, Zeit. Physik 80, 342 (1933) ; cited by Ref. 65 


Addnl. Ref. 2 


12, 25, 29 
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CALCIUM PERCHLORATE (ANHYDROUS), Ca(Clo,), 


Percent Oxygen: 

Speanfiextion No.: 

Molecu'ar Weight: 

Cryscalline Worm: 

Color: 

Density, g.fml.: 

Coefficient of Thermal Expansion: 
Heat of Formation, Keal./moie at 298°K: 
Free Energy of Formation: 
Entropy: 

Melting Point: 

Feat of Fusion: 

Eoiling Point: 


Values in the literature range from less than 573°K (800°C) 


to about 688°K (410°C) 
Transition Point: 
Heat af Sublimation: 
He at Content or Exthalpy: 
Beat Capacity: 
Decomposition Temperature: 


UTA and TGA, see Refs. 88, 47 
Decomposition Products: 


Vapor Pressure: 
X-Ray Crystallographic Date for Ca (C10,)2*3H-0: 


System Sonce Group a € 
hexagonal ty 7.71 5.42. 
Hyrroscopicity : 


Solubility Data: In water : 


Solubility in Organic Solvents at 25°C : 


Solvent 

acetone 61.76 
ethyl acetate 113.5 
ethyl alcohol 186.2 
‘etnyl other 0.26 
methy! alcohol 237.4 
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g./100 gy. aulvent 


{ Refs. 


53.56 
238.99 
cubie 1 
eolerless 1 
(estd.) ~178 72 
396°K (123°C) 65 
decomposes 65 
bubbling slight at 258°C, 47 

vigorous at 285°C 
Cacl, + O2 with tracesof | Addnl. Ref. 1 

CaO and Cl, 

Molecules/i/nit Cell 

2 65 
deliquescent 1 
188.6 g. /100 g. at 25°C 1 
very soiuble in hot water 
65, 72, 77 
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Calcium Perchlorate (Anhydrcus’, Ca(C10,), (page 2) 


Health I ‘ard: CaClO, is a moderate irritant to the akin and mucous mem- | 12, 65 


branes. Avoid contact with skin. A weak muscular poison. It is not cum™- 
lative and not reduced in the body. 

Safety Classifications: 
CSM: Ciass 1. Class 2 when not packed in original containers or equiv- 


alent. 
ICC:  Osxidizing material; yellow label. Listed under “Explosives and 
Other Dangerous Articles.” 


Fire and Expicsion Hazerd: CaClO, is a powerful oxidizer. It may cause fires 
or expleaions when shocked cr heated or by chemical. action with reducing 
substances such 23 carbonaceous materia’s. It forms explosive mixtures 
with sulphur, powdered magnesium, and aluminum. It also emits highly 
toxic fumes when heated. 

Electrostatic Sensitivity : —— 

Use in Pyrotechnics: CaCO, is usec a3 an oxidizer and to impart a yellow-red 
color to burning compositions. 


Additional References: 
1) C.A. 51,2489 (1957) 
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CALCIUM PHOSPHIDE, Ca,P, 
{Photcphor) 


Specification No.: MIL-C-3539 

The specification covers two types: Type 4, uncoated, and Type B, coated 

with K,Cr,0,. Both types are in the form of sclid sticks or lumps 14 to 1 in. 
in diameter. Tne types differ in their rate of reaction with water. When 
immersed in sea water, Type A shall immediately produce 2 vigorous reac- 
tion with a strong bright fame while Type B is required to give a maximum 
evolution of smoke an‘ flames at approximately 15 min. after contact with 
the water. The two types also evolve different amounts of gas for equal 
masser 


Molecular Weight: 182.20 

Crystalline Form: cubic 

Color: ? reddish-browr 
Density, g./ml.: (solid) 2.51 at 15°C 
Coefficient of Thermal Expansion: — 

Heat of Formation, Keal./mole at 298°K: (c)-120.5 

Free Enorgy of Formation: —- 

Entropy : —— 

Melting Point: about 1878°K (1600°C) 


Heat of Fusion: — 
Boiling Point: — 
Transition Point: — 
Heat of Sublimation: — 
Heat Content or Enthalpy: — 
Heat Capacity: sa 


Decomposition Temperature: Can be heated tc 1250°C without decomposing 
bse a with moist air. Reacts in air abc:t 200°C and becomes incan- 
escent. 


Decomposition Products: —- 
Vapor Pressure: — 
X-Ray Crystallographic Data: 
Hygroscopicity: Decomposed on contact with water, evolving spontaneously 


le phosphine. 
Solubility Data: In water: see Hygroscopicity above 
In acids: soluble 
In aleohol, ether, benzene: insoluble 


Health Hazard: Dangerous, due to "activity with water which evolves severely 
toxic phosphine. 
Safety Classifications: 
OSM: not listed 
ICC: Fiammable solid; yellow label. Listed under “Explosives and Other 
Dangerous Materials.” 
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Refs. 


Addnl. Ref. 2 
Addn. Ref. 2 


SIA 


1,9 


1,29 


Addai. Ref. 1, 
54V8 
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Caleium Phosphide, Ca;P; (page-2} 


Fire and Explosion. Hazard : Liabie to spontaneous combustion. Dangerous when 
heated as it emits highly toxic fumes of oxides of phosphorus. May explode 
when heated by a flame. See Hygroscopicity. 

Caution: Keep dry and tightly closed (for this reason it is packaged in 
soldered tins). Under these conditions no gas should be evolved. 

Electrostatic Sensitivity : — 

Use in Pyrotechnics: As a fuel and to impart a yellow-red color to burning com- 
positions or to produce smoke and flame. ° e 


Additional References: 
1) “Phosphorus and Its Compounds,” by V. Wazer, Interscience Publishers, 
Inc., New York (1958) 
2) M. V. Stackelberg and R. Paulus, Zeit. Physik. Chem. 22B, 305 (1933) 


15, 12, 
Addn. Ref. 1 


29, Spec. 
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CALCIUM RESINATE 
(Limed Rosin> 


Formula. approx. Ca(CisHsCO00) >» 
Calcium resinate is a mixture of the caleium salts of resin acids. These 
include the abietic and pimaric acid types. For a discussion cf rosin, resin, 
and the resin acids see Ref. 50V2. 

Specification No.: MIL-C-20470 
The gpeciiieation covers two types which differ in purity and granulation. 
Type 1 is fused and Type 2, precipitated. 

Molecular Weight : 1849.60 

Crystalline Form: Amorphous powder or lumps. Appears tc crystallize imper- 
fectly, but definitely with a head-to-head arrangement of the abiectate 
radicals. 

Color: yellow or white 

Density : 

Coefficient of Thermal Expansicn: 

Heat of Formation: 


Free Energy 
Entropy : 

Meiting Point 
Heat of Fusion: 
Transition Point: 


F 
E 
HTLV 


X-Ray Crystallographic Data: 
Hygroseopicity : Specification grade. Gain in mg./g. at room temperature after 
equilibrium was satablished in static and vacuum desiccators. 


65% R.H. 75% R.E. 86% R.H. 98% R.H. 


14.0 


88 23.4 
i week 12.8 121 28.9 27.5 
80 days 30.9 
Solubility Data: soluble in petroleum 
solvents 


Refs. 


50V2 


Addn. Ref. 1 


32 (Table 14) 
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Calcium Resinate (page 2) 


Health Hazard: unknown 
Safety Classification : 
OSM: not listed 


ICC: Flammable solid: yellow label. Listed under “Explosives end Other 
Dangerous Materials.” 

Fire and Explosion Hazard: Slight; when heated it can react with oxidizing 
materials. 

Rlectrostatic Sensitivity : -— 

Use In Pyrotechnics: Calcium resinate is used as a retardant fuel, and binding 
agent. Imparts a yellow-red color to burning compositions. Use also as a 
waterproofing agent. 


Additional References: 
1) “A Comparative Study of the X-Ray Diffraction Patterns and Thermal 
Transitions of Metal Soaps,” M. J. Vold and R. D. Vold, J. Am. Oil 
Chemists’ Soc. 26, 520 (1949) 
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CALCIUM SILICIDE, C.Si, Refs. { 
Specification No.: : “ JAN-C-824 
The specification covers two grades which differ in purity and granulation. | 
Grade I is used in smoke mixtures, and Grade II in both smoke mixtures i 
and tracer compositions. j 
Molecular Weight: 96.26 . j 
Crystalline Form: glassy solid 1 | 
Color : — i 
Density, g./ml.: (solid) 2.5 1 j 
Coefficient of Thermal Expensioa: — | 
Feat of Formation, Keal./mole at 298°K: (c)--36 1,9 ? 
Free Energy of Formation: — i 
Entropy: . — 4 
Melting Pvint: 1498°K (1220°C) : 
’ 1020°C 


Heat of Fusion: 
Boiling Point: 
Transition Point: 
Heat of Sublimation : 
Heat Content or Enthalpy: \ 
Heat Capacity: 
Decomposition Bemperature : 
Decomposition Products: 
Vapor Pressure: 
X-Ray Crystallographic Data: 
System Space Group a <AxialAngle  Molecules/Unit Cell 
hexagonal Di, 10.4 21°80’, 2 


Note: The structure is characterized by layers of rings with six Si atoms 


Let 
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1 H 
Addn. Refs. 


| Hygroscopicity: See Solubility (in water) 
Solubility Data: In cold water: insoluble 
In hot water decomposes according to the equation: 

Jn acids and bases: decomposes 


Health Hazard: Has caustic action irritating to the skin and respiratory system. 
May cause dermatitis and irritation to the eyes and mucous membranes. 
(Treatment-—wash with lerge volumes of water) 


Believed to be nontoxic. 


1 
Aden. Ref. 2 | 
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Caleium Silicide, CaSi, (page 2) 


Safety Classification : 
OSM: not listed 
Icc: fiammabie solid 

Fire and Explosion Hazard: Dangerous by chemical reaction with oxidizers. 
When heated can burn or explode and emit toxic fumes. In contact with 
water may emit flammeable silicon hydrides. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: CaSi, is used as a fuel and to impart a yellow-red color to 
burning compositions. Used in igniter compositions for tracer prujectiles. 


Additional References: 
1) L. Wohler and L. Schiephake, Zeit. anorg. Chem. 151, 1 (1926) 


2) “Silicon and Its Binary Systems,” A. S. Birezhnoi (Translated from 
the Russian), Consultants Bureau, New York (1960) 


8) H. Bohm and O. Hassel, Zeit. anorg. Chem, 160, 152 (1927) 
4) C.A. 49, 14826 (1955) 


12, Addnil. 
1 


17, Addn. 
Ref. 4 


4 : CALCIUM STEARATE 


Formula: Ca (C, afg,0-) 2 
i Specification No. : JAN-C-263 
Molecular Weight: 607.00 
} Crystalline Form: crystalline powder 
See Addul. Refs. 2, 3 
Color : opaque, translucent after 
heating and cooling 
Density: pavanne 
Coefficient of Thermal Expansion: 
Heat of Formation, Keai./mole at 18°C: H, =~ 662.6 
H,==- 641.1 
‘ Free Energy of Formation: — 
Entropy: pene 
| Melting Point: 452-453°K (179-180°C) 
Heat of Fusien: — 
Boiling Point: decomposes 


‘Transition Point: Phase changes at 65, 86, 128, 150, 195 and 350°C. Below 
150°C the stable phases are crystalline. 
Transition Temperatures and Heats of Transition 

j °C cal./mcle 
89 
107 9080 

152 

190 

58 
89 

106 7430 

146 

187 
Note: Values vary with the source of the samples, which are not pure. 
The 150-195°C phase is a liquid crystal. Quenching from a temperature 
of 123-150°C produces an unstable crystal, but ar unstable vitreous form 
! results on quenching from above 150°C. Technical Ca stearate resembles the 
pure material but assumes the vitreous form more readily and crystallizes with 
difficulty. 
heat of Sublimation: ——— 
Heat Content or Enthalpy: —— 
Heat Capacity: -——— 
Decomposition Temperature, °C: above 850 


For DTA see Adadnl. Ref. 4 
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Calcium Stearate (page 2) 


Decomposition Products: eo 
Vapor Pressure: —— 
X-Ray Crystallographic Data: 

For X-Ray Diffraction Data see Acdnl. Ref. 5 


Hygroscopicity: pees 
Solubility Data: In water: 0.604 g./100 ml. at 15°C i 
(not readily wetted) 
In alcoho! and ether: insoluble 
In methyl acohoi and toluol, g./100 g.: 
““Temp.°C methyl alcohol _toluol Addn!. Ref. 6 
25 0.05 0.03 
50 0.09 0.47 
16 0.22 


100 __gelled* 
*Ca stearate precipitated on cooling : 


Health Hazard: none mentioned 
Safety Classifications: 
OSM: ; not listed 
ICC: net listed 
Fire and Explosion Hazard: 
Electrostatic Sensitivity : —— 


Use in Pyrotechnics: As a fuel and to impart a yellow-red color to burning com- 
positions. Also waterproofing, lubricating, and bonding agent. 


Additional References: 

1) L. Médard, Mém. artillerie franc 28, 467 (1954) 

2) “Polymorphic Transformations of Ca Stearate and Ca Stearate Mono- 
hydrate,” R. Vold et al., J. Colloid. Sci. 8, 889 (1948) 

8) “Crystal Forms of Anhydrous Ca Stearate Derivable from Calcium 
Stearate Monohydrate,” M. Vold et al., J. Colloid Sci. 4, 93 (1949) 

4) “Differential Therma] Analysis of Mctal Soaps,” G. Hattiangdi et al., 
Ind. Eng. Chem. 41, 2820 (1949) 

5) “Characterization of Heavy Metal Soaps by X-Ray Diffraction,” R. 
Vold and G. Hattiangdi, Ind. Eng. Chem. 47, 2311 (1949) 

6) “Aero Metallic Stearates,”” Am. Cyanamid Co., Bound Brook, N. J. 
(1960) 
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CARBON BLACK (DRY) and LAMPBLACK, C 
(Cape Cod Black, Gioss Soot, Light Soot, Flame Soot, 
Flame Black, Furnace Black, Channel Black, and a wide 

variety of proprietary names and nambers) 


Specification Nu.: Carbon black ‘(dry) : “MIL-C-11403 
Lampblack : TT-L-706 


Refs. 


Carbon black is an amorphous, quasi-graphitic carbon obtained by burning | 16, 22, 29, 


gas, oils, tars, or other carbonaceous material ir an insufficient amount of air te 
form a deposit of scot. By varying the process and the starting material, prep- 
erties of the products can be varied considerably. Carbon black is usually one 
of the fo'lowing types: 
a) Animal charcoai, made by charring bores, meat, or bloou. 
b) Gas black, furnace black, or channel black, made by the incomplete 
sombuation of natural gas. 
ce) Lampbleck obtained by burning various fats, oils, and resins, under 
controlled conditions. 
a) Wood and vegetable charcoals. 


Carbon blacks are very finely divided. Most individual particles are in the 
range of 18 to 274 mz. As colloids, the particles are negatively charged and 
show the Brownian movement. Lampblack is amorphous but most carbon blacks 
are a mixture of the amorphous and crystalline forms. Carbon blacks have an 
enormous surface per unit mass and are very absorbent. The structure and pH 
can also be varied over a wide range. Carbon blacks thus find a wide variety of 
uses. 
The individual fine particles are composed of several thousand crystallites. 
These are in parallel layers of carbon atoms arranged in hexagonal rings as in 
graphite, but in carbon black the symmetry is much legs precise so that the 
carbon atums in adjacent layers are rotated about an axis at right angles to 
their plane. The structure is similar to that of true graphite as the carbon rings 
are arranged roughly parallel and equidistant but otherwise completely rai.dom, 
and the dimensions within a layer are the same as in graphite. The layer is 
somewhat larger than in graphite. The effect of heat treatment is to increase 
the size of the parallel layer groups. On graphitization the material changes 
discontinually to the crystalline graphite structure. The usual carbon black is 
not finely divided graphite. Small angle scattering indicates the existence of 
clusters of a few hundred angstrom units in size. These clusters are measured 
by microscope units, by the electron microscope and by surface areas, rather 
than the much smaller parallel] layer groups. 


Molecular Weight: 12.011 
Crystalline Form: fluffy, amorphous powder 
Color: black 
Density, g./ml.: (solid) 1.8-2.1 
88 


50V3 


Addnl. Refs. 
4, 5, 6,10, 11 
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Carbon Blark, C (page 2) 
OBB 10°68 : Addnl. Ref. 1 


Coefficient of ‘Thermal Expansion, linear: 
see also Ref. 33 

Heat of Formation: a 

Free Eneryy of Formation: a 

Entropy: ——— 

Melting Point: 3925-3970°K, sublimes 1 

(3652-36£7°C) 

Heat of Fusion: Sear 

Peiling Point: 4473°K (4200°C) 1 

Heat of Vaporization, cal./g.: 11,900 Addnl. Ref. 1 

Transition Point: 

Heat cof Sublimation, Keal./mole: 135.7 Addul. Ref. 7 
188 =. 12 Addnl. Ref. 3 


Heat Content or Enthalpy: 
Heat Capacity: ie 
Decoiiposition Temperature: — 
Decomposition Preducts; —_— 
Vapor Pressure: —-— 


Press. mm. ry 20° 420 #240 #760 Addnl. Ref. 8 
Temp. °C "2375. «2985 «= 3250» «$490~—« 3700 


~~ Presssmm,  —«243.~=~=*«CRT”Ss=—“‘<—«é‘ :~SC*«‘C S*«<iaSSS*~C«~SC“‘«‘CSC‘*S CAdnd«s Ref 9 
~~ Temp.°C 4016 4052 «4801 «4817. °=«4137°~«41902~C—*~—*~CS* 
X-Ray Crystaliographic Data: 
See Addnl. Refs. 3, 4, 16, 11 
Hygroscopicity : 
Solubility Data : In water, acids, and alkalies: insoluble 1 


Health Hazard : Considered nontoxic, Prolonged internal use may cause vitamin | 12, 25, 29 
and mineral deficiency and interfere with digestion. 


Safety Classifications: 
OSM: Atmospheres containing earnon black are included under hazard- 


ous locations, class IT. 
Icc: not listed 


Fire and Explosion Hazard: Slight when expus2d to heat or fiame. Lampbtack | 12, 50V6 
made by incomplete combustion ot petroleur: may heat spontar:eously when 
freshly bagged. It has great affinity for Jiquids and heats spontaneously on 
contact with drying oils. It should be thoroughly cooled befure bagging and 
stored in a cool, dry place away from oxidizing materials. Lampblach dust ; 
can be exploded. See data following: 


89 


Carbon Black, C (page 3) 
Explosibility of Lampblack: 


Concentration Maz. Avg. Rate of Mcz. Rate of | 86 
Press, Press, Rise Press. Rise 
Ging. JL) ———S*«ibs./q. in.) (Iibs./sq, in-/zec.) _ (Ibs./'sq. in./sec.) 
me a 190 10 13 ee 119 
Ignition Temperature, °C: 
Carbon black (produced in reducing atmosphere) 535 Addnl. Ref. 1 
Thermal carbon blacks : 449-485 
Lampblack (oxidizing atmosphere) : 352-362 i 
Carbon blacks (natural gas) : 313-324 ‘ 
Eaet uf Combustion (at constant volume), cal./g.: Adanl. Ref. 2 
Carbon amorphous: 8130 i 
Carbon biack (dried at 100°C) : 7810 
(degassed at 1000°C): 8270 
Specific Heat at 25°C, g./cal./g. 0.2 Addnl. Ref. 1 
Use in Pyrotechnics: Lampblack is used by the Chemical Corps as a pigment ir 
protective coatings. 


Additional References : 

1) “Industrial Carbon,” C. L. Mantell, D. Van Nostrand Co., Inc., Prince- 
ton, N. J. (1946) 

2) L. Médard, Mém. artillerie frang, 28, 485 (1954) 

8) “Ionization and Dissociaticn by Flectron Impact, Methylene, Methyl] 
and Methane,” A. Langer et al., J. Chem. Phys. 22, 1836 (1954) : 

4) Chem. Eng. News 23,2078 (1945) 

5) “Carbon Black,” L. Cohan and H. Cohan, Vol. 5, pt II, “The Science of 
Petrolevm,” B. T. Brooks and A. E. Dunstan, Eds., Oxford University 
Press, New York (1953) 


6) J. D. Bernal, Proc. Royal Soc. 106A, 749 (1924) 
7) E.andholn, C.A. 51, 6845 (1957) 
&3 A. Thiel and F. Ri.ter, Zeit. anorg. Chem. 182, 125, 153 (1923) 
9) H. Kohn, Zeit. Physik 3, 143 (1920) 
10) “An X-Ray Study of Carbon Black,” J. Biscoe and B. E, Warren, J. 
Appl. Phys. 1,364 (1942) 
11) “X-Ray Study of Carbon Black,” B. E. Warren, J. Chem. Phys. 2, 551 
(1984) 
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‘ Specification No.: 0-C-141 im 
\ Marking: The Air Force requires that each package bear a label 
i as follows: “Caution : Volatile poisonoug solvent. Use with ade- 
i quate ventilation. Avoid prolonged breathing of vapor. Avoid 
, contact with skin.” 
, Molecular Weight: 153.84 { 
: Normal Color and Form: colorless liquid 1 
| Density, g./ml.: (liquid) 1.595 at 20/4 1 
’ 1.68195 at 0/4°C | 
Coefficient of Thermal Expansion, cubical, | 
0-76°C: 1.236 x 10* 1,3 | 
Vi == Vo +1.8384t* + 0.89881t + 135135 x 10° | 
Heat of Formation, Kceal./mole at 298°K: (gas) -25.5 1,5 
(liquid)-33.3 2 
Free Energy of Formation, Keal./mole at 298°K : (gas) -15.3 1,9 | 
(Niquid)-16.4 
Entropy, cal./deg./mole at 298°K : (gas) 73.95 1,9 
(ik uid) 51.25 
i See table below 
Melting Point: 250.3°% (-22.8°C) 3 
i Heat of Fusion, Kcel./mole: 0.60 $ 
i Boiling Point: 349,9°K (76.8°C) 9 
Heat of Vaporization, Keal./moie: 717 9 
Transition Point: 225.5°K (-47.6°C) 9 
Heat of Transition, Kcal./mole: 1.09 9 
F at of Sublimation: a 
| 
HEAT CONTENT AND ENTROPY OF CCl.(g) 4 
(Base, ideal gas at 298.15°K) 
| Hr — Hoes.15 Sr —Ssve.is Hy — Hees 15 Se ~ Srea.ra 
cal./mole cal./deg. cal./mole ca) ont 
inole moie 
~ 400 ..... ~ 2140 “616 | 1000 ..... 16,570 27.99 
500 ..... 4395 11.19 1100 ..... 19,080 30.38 
600 ..... 6740 15.46 1200 ..... 21,610 $2.58 
700 ..... 9150 19.17 1800 ..... 24,140 $1.61 
800 ..... 11,8600 22.45 1400 ..... 26,680 34.49 
900 ..... 14,080 25.37 #+%| 1600 ..... 29,220 enema | 


CARBON TETRACHLORIBE, CCl, 
(Tetrachioromethane, Berzinoform) 
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Carbon Tetrachloride, CCL, (page 2) 


CCl, (g) : 
Enthalpy : Hy — Hoasa.15 = 24.27T + 0.60 x 10°T? -+- 4.29 x 10°T - 8635 4 
(0.8 percent ; 298° - 1f%°K) 
Heat Capacity: C, = 24.17 + 1.20 x 10°T -4.10 « 10°T2 
Heat Capacity, cal./deg./moie: (liquid) 31.47 4,9 
. (ges) 1996 


Decompozition Temperature: Noticeable at 150°C particularly in the presence | Addnl. Refs. 


of Cl acceptors, e.g., metals and m-t<i oxides. 2,3,4 

Decomposition Products: Phosgene may be formed, especially in the preseuce 

of metals. 

Vapor Pressure: 1 
Press. mm. 1 10 40 100 400 750 M.P. 
Temp.°C  -50.0 —-19.6 L4A2 23.0 57.8 76.7 27.6 

X-Ray Crystallographic Dsia: 

Interatomic Distances and Molecular Configuration: 


C-Cl, 1.76A + 0.01: Cl-Cl, 2.86 + .01 85 
Tetrahedral model confirmed spectrosccepically 55 
Hygroscopicity : 


Solubility Data: Sclubility of water in CCi, is 0.008% by weight at 20°C. Solu- | 53V1 
bility in water, 0.8 g./100 m). at 20°C. CCl, is miscible in all proportions 
with aleshol, ether, chloroform, benzene, i.alogenated hydrocarbons, and 
moat sclvents. 
Health Hazard: CCi, is a systemic poison with a narcotic sction resembling that | 12, 14, 29 
of chloroform. It may cause death through -espiratory “:ilure, and can 
cause serious effects to kidnevs, liver, Jungs, and the nervors system. It can 
be fatal when taken internally. Dermatitis may result ::0m repeated skin 
contact, and its vapors are toxic. ; 
M.A.C.: 25 parts per million in air for an 8-hr. work .sy. 
Caution: Do not use CCL, to fight fire in unventilated spaces such as small 
rooms or closets. Storc in airtight drums, 
Note: CCl, poisoning is detectable in the blood and urine. 
Safety Classifications: ~ 


OSM: not listed 

Ice: not listed 
Fire and Explosion Hazard: CCl, is not combustible, but its vapor is toxic. itis | 12, 7.4, 29 

Cangerous when heated te decomposition due to formation of highly toxic 

phosgene. | 
Electrestatic Sensitivity : — 
Azectrope: CCl, forms an azetrope with water which boils at 66°C at i atm. 

and contains 4.1% water. 53V2 
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Carbon Tetrachloride, CCL, (page 3) 


Use in Pyrotechnics: CCi, is used us = noncombustible solvent and fire retardant 
in certain compositions. 


Additional References: 

1) Ref. 52 

2) “Poisonous Gases from Carbon Tetrachloride Fire Extinguishers,” A. 
C. Fieldner et al., J. Franklin Inst. 190, 543 (1920) 

3) “Determinstion of Phosgene,” A. C. Fieldner et al., Ind. Eng. Chem. 
Anal. Ed. 8, 20 (1986) 

4) ‘Mass Spectrographic Study of the Species CS, SO, and CCl, Produced 
in Primary Heterogeneous Reactions,” L. P. Blanchard and P. LeGoff, 
wan. J. Chem. 35, 89 (1957) 
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CASTOR OIL 


(Rizinus Oil, Oil of Palma Christi, Tangan-Tangan Oil, 
Rieinus Communis) 


Formula: Castor oil is a natural product of somewhat variable composition. 


specification No. : MIL-C-15179A 
(dehydrated) 


Castor oil ig a light yellow to brownish oil obtained from the seed beans of 
the castor plant. When pure and fresh, it is nearly colorless and transparent. 
The hot pressed oi] is brownish. Castor oil does not readily turn rancid, and is 
cClessed as a non-drying oil. 

Dehydrated castor cil must be made by the dehydration of castor oil and 
polymerization of the resulting product, without admixture of other oils. 


Molecular Weight: castor oil is a variable 
natural product 

Normal Color end Ferm: pale yellow oil 

Density, g./mi.:: (liquid) 0.960-967 

Coefficient of Thermal Expension: — 

Melting Point: turbid at 261°K (-12°C), 
solid at 255-256°K 

(-17 to -18°C) 

Boiling Froint: 586°K (318°C) 

Decomposition Temperature : 

Decomposition Products: — 

Vapor Pressure: -_-— 

Hygroscopicity : —_— 


Solubility Data: Miscible with absolute ethy} alcohol, methunol, ether, chloro- 
form, glacial acetic acid. 


Health Hazard: slight, used medicinally 
Safety Classifications : 
OSM: not listed 
ICC: not listed 
Fire and Explosion Hazard: combustible 
Flash Point, °F: 445 (closed cup) ; 
545 (open cup) 
Autoignition Temperature, °F: 905 
To fight fire: use foa.n, dry chemical, 
CCi, or water 


Electrostatic Sensitivity : — 

Uae in Pyrotechnics: Castor oil is used as 2 fuel, as a waterproofing and bind- 
ing agent, and to reduce sensitivity to friction. 
See Addnl. Refs. 


Refs. 
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Castor Oil (page 2) 
Castor oil composition, %: 16 
' diglycerides of ricineleic acid: 80-86 29 
é oleic acid: 7-9 
| linoleic acid: | . 3-3.5 
: stearic acid: wo 0.2 
{ dihydrostearic acid: 0.6-1.8 
tocophorol : about 0.05 
Castor oil is dextro rotary and has the following characteristics: 

Refractive index: ngs = 1.478-1.477 
nf = 1.466-1.473 
j Viscosity at 25°C, poises: 6-8 
| Surface tension at 20°C, dynes/cm.: 83.0 
80°C, dynes/em. : 35.2 
Acid value: 0.12-0.8 1 
Saponification value: 175-188 
Iodine value (Wijs): 84 

Reichert Meiss] number: 14 

Maumené number: 46-47 

Acetyl value: 146~-150.5 
Unsaponifiable matter : 0.6 

Specific heat, cal./g., at 40°C: 0.62 50V6 
| at 200°C: 0.59 
t 


ae 
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Additional Refereuces: 


1) “Explosives, Matches, and Fireworks,” J. Reilly, The University Press, 


Cambridge, England (1988) 


2) “Fats and Oils,” H. G. Kirschenbauer, Reinhold Publishing Corp., New 


York (1944) 
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CHROMIC ACID, CrO, Refs. 


(Chromic Trioxide, Chromic Anhydride, Addnl. Ref. 8 j 
Chromium (VI) Oxide, Red Oxide of Chromium) | 
Percent Oxygen: 48.00 { 
Specification No.: (for technical grade) | 
-0-C-8088 
Molecular Weight : 100.01 i 
Crystalline Form: rhombic 1A § 
Color: red (color darkens with rise in temperature and is rsstored on cooling) | 14, 54V2 
Density, g./mi.: (solid) 2.70 1A i 
Coefficient of Therm:. “xpansion: —_—— 
Feat of Formation, Keal./mole at 298°K : -142.1+1 Addnl. Ref. 7 } 
. -188.5 +. 2.5 24.4 

Adanl. Ref. 8 gives literature values from ~140 to -147 | 
Free Energy of Formation at 298°K: -120.2 6 ; 
HEAT AND FREE ENERGY OF FORMATION, Cr0,(c) 2 i 
T, °K AEX (cal./mole) A F° (cal./mole) 
S16... «CH140,000 (= 3000) -121,000 (+ 
400 ...... -189,000 ~-114,500 : 
aM... r -189,000 -110,000 
ATL... 2. ~-185,000 -110,000 
S00 ...... ~184,500 108,500 

OOO ...... -188,000 -108,500 , 

OR « 1 
Entropy, cal./deg./mole at 298°K : (solid) nae ae ok | 
Free Energy Equations: 
Reaction Range of Validity, °K : ; 
1) Cr (ce) + % Os (g) = CrO, (c) 298.16 to 471 2 | 
4 F? =- 141,590 — 18.82T log T + 108.90T . 
2) Cr (c) + 5 Os (g) = CrO; (1) 471 to 600 | 
A F 3 = - 141,580 — 82.24T log T + 153.14T | 
oc. 1A, 31 j 
iia cha (with decomposition) 197 | Adanl. Ref. 8 | 
Heat of Fusion, Keal./mole 8.77 Z 
Boiling Point, °K: decor poses 1A 
Heat of Vaporization: — ’ j 
Transition Point: —- j 
Heat of Sublimation: —- 
. Heat Coatent or Enthalpy: —_- : 
Heat Capacity: —— 


Chromic Acid, CrO; (psge 2) 


Decomposition Temperature: above 280°C 


For TGA ace Adal. Ref. 9 
For DTA and TGA see Refs. 33 and 54V2 


Decomposition Products Cr,O¢, CriOs, CrOs, 
Cr20; + O3 
Vapor Pressure: — 
X-Ray Crystallographic Data: 
Holecules/ 
System Space Group a b ¢ Unit Cell 
orthorhombic Bis 5.70+ 0.05 846+0.03 4.77 + 0.08 4 
Hygroscopicity : ai above 85% 
Solubility Data: 
In water : 166 g./100 ml. at 15°C and 
206.7 at 100°C 
In ether, alcohol, H,S0O,: soluble 


Health Hazard: Extremely toxic. Local irritan’ end systemic poison. L.D. (sub- 
cutaneously in dogs) 880 mg./kg. Concent7s<ed solutions may cxuse derma- 
titic and loca] ulceration. Inhalation causss irritation to nesal mucosa and 
respiratory tract. Ingestion may cause nausea, vomiting, diarrhea, renal 
damage, and death. 

Cattior—not for internal use. 


Safety Classifications: 


OSM: not specifically me sticned 

Icc: oxidizing material, yellow 
labeb 

M.C.A.: warning lubei required 


Fire and Explosion Hazard: Dangerous; msv oxidize organic compounds with 
explosive violence. Contact with combustinle material may cause fire and 
evolution of highly toxic fumes. 

Foamite is ineffectiv: against a chromic acid tire as the acid supplies its 
own oxygen. Carbon tetrachloride should not be used on a chroinic acid 
fire. Water is the only eifective agent. 

Use in Pyr.technics: as an oxidizer 


Additional Referexices: 
1) “Preparation of Ferromagnetic Chromium Dioxide,” B. Kubota, J. 
Phys. Soc. Japan 15, 1706 ¢ 1960) 
(See nove below) 
2) “Decomposition of Higher Oxides of Chromium unde, Various Pres- 
sures of Oxyg7u,” B. Kubota, J. Am. Cerm. Soc. 44, 289 (1961) 


Addn. Ref. 6 
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Addnl. Ref. 8 


1A 


29, 12 


12, 29 


Addnl. Ref. 8 
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Chromic Acid, CrO, (page 3) 


Note: Both references acove discuss the thermal decomposition of CrO, 
under high oxygen pressure resulting from the oxygen liberated from 
CrO, iteeif. 

8) “Chromic Acid in the Metal Finishing Industry,” Diamond Alkali Co., 
Cleveland, Ohio (1953) 

4) “The Products of Thermal Decomposition of Chromium Trioxide,” R. S. 
Schwartz et al., J. Am. Chem. Soc. 74, 1876 (1952) 

5) “The Crytal Structure of Chromium Trioxide,” A. Bystrom and K. A. 
Wilhelmi, Acta. Chem. Scand. 4, 1131 (1950). C.A. 45, 3679 (1951) 

6) C.A. 45, 21819 (1959) 

7%) “The Heat of Formation of Ammonium Dichromat:,” C, A. Neugebauer 
and J. L. Margrave, J. Phys. Chem. 61, 1429 (1957) 

8) “Chromium,” M. Judy, Reinhold Publishing Corp., New York (1956) 

9) C.A. 42, 422 (1948) 
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Refs. 
Addn. Ref. 5 


CHROMIC OXIDE, Cr,0, 
(Chromium (10) Oxide, Chromivie Sesquiexide, Chrome Green, 
Green Cinnabar, Grven Oxide of chromium, Anadeonis Green, 
Ultramarine Green, Chrome Oc!.er, Gi Green, L2af Green, 
Green Ronge) 


Percent Oxygen: 32.57 
Specification No. : not listed 
Molecular Weight: 152.02 
Crystalline Form: hexagonal! 1A 
Color: green LA 
Commercial materials vary from a brovrnish green, to greyish green, to 
olive green to bright grars grven. §4V2 
Density g./ml.: (solid) 5.21 1A 
Coefficient of Thermal Expansion: 
T,°c % Linear Expansion bet. 10° X Mean Thermal Coeff, of Addal. Ref. 5 
100°C and Indicated Tem y. Expansion bet: 100°C and 
Indicated Temp. 
200 ..... 9.07 6.2 
400 ..... 0.14 va 
600 ..... 0.36 V1 | 
800 ..... 0.51 "3 
1000 ..... 0.66 7.3 
1200 ..... 0.82 1A 
Heat of Formation, Keal./mole at 298°K: 269.7 9,21A 
-272.7 + 4 Acdnl. Ref, 4 
~272.65 2 
~268.5 Addn. Ref. 3 
a. HEAT AND FREE ENERGY OF FORMATiON OF Cr.0s3 (a, 8) 
T, OK AH (eal./mole) 4 F° (cal./mole} 
298.16.... -272,650 (+ 35C) ~253,150 (+ 500) 
298.16.... ~272,550 -253,150 
400 ..... --272,250 ~£46,559 
500 . 1... —271,850 ~240,200 
600 ..... -271,500 ~233,900 
700 ..... ~271,200 -227,650 
800 ..... ~27\),850 --221,450 
900 ..... -270,65b0 ~215,250 
1000 ..... -270,450 ~209,150 
1100 ..... ~270,300 -293,000 
1200 ..... ~270,150 -196,900 
13800 ..... -270,100 -190,800 
1400 ..... ~270,100 ~-184,700 
99 
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Chromic Oxide, Cr,0; (page 2) _ ' 


he ’ 


T,°K A H (cal./mole) A F° (cal./inole) 
"4500... -270,550 -178,600 


1600 ..... 270,200 172,450 
1700... .. ~270,300 -166,400 ‘ 
1800 ..... ~270,500 ~160,250 
18238 ..... -2'10,550 -158,850 i 
4828 ..... 278,959 -~158,850 : 
1900 ..... -279,000 -153,800 : 
Z000 ..... ~279,100 147,200 


nr an é 


Free Energy of Formation, Kcal./mole at 298°K : 250.3 + 0.5 Addn!. Ref. 4 : 
Entropy, cal./deg./mole at 298°K : 19.4 1A, 9, 31A 7 


b. HEAT CONTENT AND ENTROPY Cr.0, (e) 4 
(Base, a-crystals at. 298.15°K) ; 


T, °K Hy Hiseis. Se Sevecis T, °K Hy— Hosein Sr — Sase.is 
cal./mole cal./deg. cal./mole cal./deg. 
mole mole 


i 298.16 (8). . 0.34 +%.(| 1200 ..... 26,430 40.11 
i 400 ..... 2740 7.94 ; 1800 ..... 29,550 42.60 
i 500 ..... 5540 14.19 | 1400 ..... 32,670 44.91 
ea 600 ..... 8380 19.36 |} 1500 ..... 35,790 47.07 
700 ..... 11,280 23.82 | 1600 ..... 38,920 49.08 
800 ..... 14,280 27.76 =| 1700 ..... 42,050 50.98 
900 ..... 17,210 31.27 Ree 45,180 52.77 
1000 ..... 20,240 3446 |; 19800 ..... 48,320 54.47 
1100 .. 2... 23,320 37.40 | 2000 ..... 51,460 56.08 
. Cr2Osz (8): 
' Hes — Hoos.is == 28.58T + 1.10 « 10°°T? + 3.74 x 195T" - 9758 
‘ (0.2 percent ; 298° - 1800°K) 
C, = 28.53 + 2.20 x 10°*T -- 3.74 « 10°T? 
Free Energy Equations: 2 
i Reaction i Range of Validity, °K 
1) 2Cr (c) + %O2 (g) = Cr;03 (8) 298.16 to 1823 
A Fy = - 274,670 —-14.07T log T + 2.01 « 10 *F? }. 0.69 « 10°T 4 + 105.61T 
2) 2Cr (1) + %O2 (g) =Cr.05 (8) 1823 to 2000 


A Fe == - 278,030 + 2.33T log T- 0.35 « 10°77? + 1.57 & 10°T"! + 58.29T 
Melting Point, °C: The range of values listed in the literature vary 
as much as 500°C. ; 


Lowest value 1900 31A 
Highest value 2435 Adan. Ref. 5 


Chromic Oxide, Cr,Q; (page 3) | 


“s| Heat of Fusion, Keal./mole: 25 6 

a. : Boiling Point, °K: decomposes at 3306 +. 300 | 8 
Transition Point, °K: C,, to C, 306 9,41 

298 2 

Heat of Transition, Keal./mole: 0.1 2 


] 
Heat of Sublimation: — | 
ne Heat Content or Enthalpy: 
af See Table b 
Heat Capacity: | 
See Tabie b 
Decomposition Temperature: 3300 + 300 18 
See also Addn], Ref. 1 
Fur DTA see 54V11 
Decomposition Preducts: —— 
Disscciation Pressure: 
Oxygen Pressures over Cr.OQ3 Addn. Ref. 5 


~~ Press. atm, 74 X 1026 “5.1107 ° 388X107 — 


Temp. °C ~~ 895 968 1002 


( For Dissociation Pressure curve see Ref. 54V11 
| X-Ray-Urystallographic Data: 
| ; System Space Group a c Molzcules/Unit Cell ! 
: Hexagonal Ds, 4.954 18.548 at 24°C 6 97V5 
. Hygroscopicity : —-— 
“a Solubility Data: In water: insoluble 
4 : in acids, alkalies, or alcohol: slightly soluvle 
Health Hazard: Poisonous. Corrosive on skin and mucous membranes. 
: Safety Classifications: i 
. . OSM: not listed 
Icc: not fisted 
Fire and Explosion Hazard: _——— 
Electrostatic Sensitivity: 
Use in Pyrotechnics: Product of the bu.ning of chromium and some chromium | 
com pounds. ' 


: Additional References: 

1) “Decomposition cf Higher Oxides of Chromium under Various Pres- 
sures of Oxygen,” B. Kubota, J. fsmer. Cerm. Soc. 44, 259 (196° 4 

2) “The Volatilization of Chromium Oxide,” D, Caplan and M. Cohen, J. 
Electro~’.em. Soc. 768, 438 (1961) 
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Chremic Oxide, Cr,0, (page 4) 


3) “Thermodynamics of the Owication of Chromium,” J. N. Ramsey et al., 
J. Electrochem. Soc. 103,135 (1956) 

4) “Heats of formation of chromiym oxide and cadmium oxide from com- 
bustion calorimetry,” A. D. Mah, J. Am. Chem. Soc. 76, 3363 (1954) 

—} “Chromium,” M. Judy, Reinhold Publishing Corp., New York (1956) 
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COBALT NAPHTHENATE 


Cobalt naphthenate is a solution of the cobalt salts of mixed naphthenic 
acids in mineral spiriis. The product contains xbout 6% cobalt and is stand- 
ardized on this basis, Chemical and pnysica!l properties of cobalt naphthenate 
cannot be described in the usual manner because the naphthenic acid usually 
represents a mixture of various cyclopentane monocarboxylic acids, containing 
on the average about 12 carbon atorns. The carboxy] group is usually separated 
from the cyciopentane group by at least one methylene group, but sometimes 
there may be more than cne. The balance of the carbons is made up by aikyl 
substitution on the cyclopentane nucleus, The acids vary considerably depend- 
ing on the particular source of the petroleum crude from which they are derived. 
The cobalt is primarily in the cobaltous form. 

Chemically the naphthenic acids have been classified as carboxylic acids of 
the general formulas C,Hon-2 COOH and C,H2,4 COOH, with most of them in 
the first group. They are derivatives of the 2,3,4-trimethylcyclopentane alkane 
acids, e.g. 

Structural Formula: 


HC H;C H;C 
HC LI CH,OOH, H.C UU CH;° CH; hed CH, COOH, H,° (CH) sCOOH 
CHg CHs CH; 


Commercially available naphthenic acids are identified by origin and acid 
number. The tack of a more definite classification is due to the complexity of 
the mixed acids now known as naphithenic acids and to the absence of informa- 
tion correlating the properties of the acids from diferent sources. 

The general formula has been given as approximately Co(RCOC)., where 
R is largely a mixture of trimethylcyclopentane alkane radicles. 


Specification Ne.: TYT-D-643 
Specification Requirements: 
Meia!l (cobalt), %: (min.) 5.7 (max.) 6.3 
Non-volatile, %: (max.) 74 
Sp. Gr.: (min.) 0.950 (max.) 1.050 
Flash Pt. (closed cup), °F: (min.) 100 
The volatiie matter shall be mineral spirits. 
Color: red-blue to purpie 
Density, g./ml : 0.947 to 0.965 
Melting Point: 398°K (325°C), 
Solubility : soluble in benzene 


Health Hazard: in the stomach, col:alt naphthenate hydrolwzes tc CoCl,. Al- 
though this compound has been used medicinally in cases of iron deficiency 
(anemia), in doses leryer than 100 mg. CoC), ia toxic. 
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Refs. 
Addnl. Ref. 1 


Adadnl. Ref. 2 


Addnl. Refs. 
2,3 


BOVE 


5BOV5 
5OVE 
50Vb 
SOV. 
29V5 
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Cobalt Naphthenate (page 2) 


i 

Safety Classification: , 
OSM: not listed | 
Icc: not liste: 

Fire and Explosion Hazard: 

Electrostatic Sensitivity : 

Nuodex Products Co. specifications for Ccbalt Naphthenate (DMR v'obalt 6%): | Addni. Kef. 1 : 


Metal content, %: 6.0 + 0.1 i 
Color (Gardner), max.: violet blue | 
Sp. Gr.: 0.935 - 0.980 i i 
Ibs./gal. (at 80°F): “75-315 ; 
Solids, % max.: 67 ‘ 
80°F Viscosity (max.), Gardner: A, 0.50 poises j 
20°F Viscosity (max.), Gardner: K, 2.75 poises 4 


Flash Pt. (Pensky-Marten closed cup), °F: 104 
Use in F, ».2echnics: As a paint drier. As a vatalyst with Laminac 4116 and 
Lupersol DDM (q.v.). 


Additional References: 
1) Private communication from W. J. Stews :, Nuodex Products Co., Eliz- 
abeth, N. J, | 
2) “Naphthenic Acids and Derivatives,’”’ E. R. Littmann and J, R. Klotz, | 
Chem. Revs. 30, 97 (1942) 


38) “A Manual of Organie Chemistry,” G. M. Dyson, Longmans, Green and 
C.., New York (1959) 
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COPPER, Cu 
Specification No.: JAN-C-768 
Molecular Weight: 63.54 
Crystalline Form: eubic 
Color: reddish metal 
Density, g./ml.: (solid) 8.93-8.95 
Coefficient of Thermal Expension: 
Temp. Range, °C Coefficient 
linear ~191 to + 16 14.09 « 10°¢ 
(electrolytic) linear 25 to 100 16.8 « 108 
25 to 300 17.8 x 108 
0 ta 600 16.07 « 10°¢ 


Equation for Linear Expansion: ], == 1, (1 + .1596 -|- 0.102t?) 
where I, and], are the lengths at the temperature ¢°C and O°C 


Heat of Formation, Keal./mole at 298°K: (gas) 81.1 

Free Energy of Formation, Kca!./mole at 298°¥ : (gas) 71.628 

FEintropy, cai./deg./mole at 298°K : 1.97 

See Tables a, b, and c 

Melting Point: 1856°K (1083°C) 

Heat of Fusion, cal./mole: 3120 

Boiling Point: 2855°K (£582°C) 

Heat of Vaporization, cal./mole: 72,800 

Transition Point: — 

Heat of Sublimation, cal./mole at 298°K: 81,000 

Heat Content or Enthaipy, cal./mole at 298°K : (solid) 1201 
{gas) 2116 


See Tables a, b, and c 


a. HEAT CONTENT AND ENTROPY OF Cu(c, 1) 
(Base, crystals at 298.15°K; atomic wt. 63.54} 


mole 


T, °K Hy ~ Hags.is Sr - Sepsis ihe °K Hy — Hops.15 
cal./mole cal./deg. cal./mole 


800 .... 3.30 3.10 | 138574.) 2... 19,160 
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Sr a Sces 15 
cal./deg. 
mole 


8.28 
8.90 
9.47 
9.79 
12.09 
12.32 
12.84 
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Copper, Cu (page 2) 


Hr ass Hoes.is Sy ee Soes.ts 
cal./mole 


16,480 15.71 
17,980 16.37 
19,480 16.97 
20,980 17.52 


Cu(c): 
Enthalpy : Hr — Hage 15 == 5.41T + 0.75 x 10-*T? - 1680 (0.3 percent ; 298° — 1857°K) 
Heat Capacity : C, = 5.41 -+ 1.50 x 10°T 

Cu(l): 


Enthalpy: Hy—- Hees.15 — 7.50T —20 (0.1 percent ; 298° -2800°K) 
Heat Capacity : C, = 7.50 


b. HEAT CONTENT AND ENTROPY OF Cu(g) 
(Base, ideal gas at 298.15°K; atomic wt., 63.54) 


T, °K Hy ~ Ha9a.15 Sr -S2os.15 Hy — Haps.15 Sx — Saes.is 
cal./mole cal./deg. cal./mole cal./deg. 
mole mole 
400 ..... 605 7985 9.22 
300... 1005 8495 9.48 
600 ..... 1500 9530 9.27 
700 ..... 1995 10,590 10.43 
800 ..... 2495 11,680 10.87 
900 ..... 2990 12,815 11.29 
1000 ..... 3490 13,995 11.70 
1100 ..... 3985 17,155 12.67 
1200 ..... 4480 20,600 13.59 
1800 ..... 4980 24,290 14,46 
1400 ..... 5475 28,150 15.27 
15600 ..... 5975 36,160 16.73 
1600 ..... 6475 44,450 18.01 
1700 ..... 6975 53,175 19.17 
1800 ..... 7480 


Cu(g): 
Cnthalpy : Hy— Hoes.is == 4.97T ~ 1482 (oa percent ; 298° — 2000°K) 
Heat Capacity: C, == 4.97 
Enthalpy : Hz - Hoes. 1s == 2.86T + 0.63 x 10°T? + 655 (0.2 percent ; 2000° - 5000°K ) 
Heat Capacity: C, = 2.86 + 1.06 x 10°T 
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Copper, Cu (page 3) — 


ec. HEAT CAPACITY OF COPPER 9 


~~ Solid from 298 to 1356°* 
Liquid from 1356 to 2855°K 
Gas from 2855 to 8000°K 


t, °K Ce (cal./deg./mole) 
298 5.868 
400 6.01 
600 6.31 
800 6.61 
1000 6.91 
1300 7.36 
1400 to 2800 7.50 
2900 5.89 
3000 6.01 


Decomposition Temperature: — 
Decomposition Products: aS 
Vapor Pressure: 

Press.mm. “1 10 40 100 400 760 BP. 


Temp.°C 1628 1879 2067 2207 2465 2595 1083 — 
X-Ray Crystallographic Data: — ene 
System Space Group a Atoms/Unit Cell 
cubic Of 3.608 4 
Hygroscopicity: (Reduced Cu) cumulative increase in weight after 1,29 
storage over water for 29 days: 1.9% 
storage over H2SO, for 29 days: 1.0% 
2 days in oven at 105°C: 0.9% 
In moist air gradually forms green basic copper carbonate, CuCO,Cu (OH); 
Solubility Data: In water: insoluble , 29 
In HNO,, hot H.SO,: soluole 
In HCI, NH,OH, acetic acid: very slightly soluble 
Health Hazard: Copper is not considered an industrial poison. It is moderately | 25, 93 
toxic when inhaled or ine: -sted. 
Safety Classification : 
OSM: class 2 
Fire and Explosion Hazard: The powdered metal is a dangerous fire hazard 


‘hen exposed to flame or hot sparks. By chemical reaction with oxidizers 
iu May explode. It burns with intense heat. Precautions should be taken wo 
prevent water from contacting the material. Store and process only in 
buildings adequately vented to prevent accumulation of evolved hydrogen 


| 
pod a bend pomch 
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14, 12, 49, 51 


Copger, Cu (page 4) 


which reaults from the reactions of powdered metal and moisture, In the 
repair or maintenance of buildings use only non-sparking toois after the 
meial powder or dust has been removed. In fighting fire use no water; 
use powdered graphite, dolomite, or sodium chloride. 

Electrostatic Sensitivity : not ignited by 49 

electric spark 

Ignition Temperature: (Reduced Cu) 

Dust. Cloud, °C: 700 49 


Quiescent Powder: oxidized rapidly at 270°C 51 
with no ignition 


Use in Pyrotechnics: Copper is used as a fuel. It produces a blue-green color | 20, 50 


in burning compositions. 


Additional Reference: 
1) Ref. 64 
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CUPROUS OXIDE, Cu,0 Refs. 
(Cuprite) 
Specification No.: MIL-C-15169 
The spec, cavers two types, Type I and Type II, which differ in purity. 
Molecular Weight: 148.08 


Crystalline Form: octagonal, cubi« 1 
Color: yeilow, orange, red, or | 
dark brown, according to 
the method of preparation | 79 
Density, g./ml.: (eclid) 6.0 1 
Coefficient of Thermal Expansiun, cubic at 49°C: 2.79 x 10* 54V8 
linear at 40°C: 9.3 « 10° 
Heat of Formation, Keal./mole at 298°K: 39.84 1,9 
See Table a 
Free Energy of Formation, cal./mole at 298°K : 34.58 1, # 
See Table a 
a. HEAT AND FREE ENERGY OF FORMATION OF Cu,0 Sus0 {c,1) 1) 
T, °K H (cal./mole) F° (cal. > {cal./mole) Fe {cal/mole) | 
298.16.... 40,400 (+ 1550) ~35,000 (4: 1500) _ (+ 1500) 
400 ..... —4(v,200 33,200 
500 ..... —40,100 -81,500 
600 ..... ~39,900 -29,800 
100° oe oeceke ~8$,700 ~28,200 
800 ..... 39,500 -26,500 
900 ..... --89,300 -24,900 
1000 ..... -39,000 -25,300 
1100 2.2... - 38,800 21,800 
1200.2... --38,400 ~20,200 
1300 ..... --38,000 -18,700 
| Se -37,700 ~17,900 
1867 ..... 43,900 ~17,900 
1400 . 2... —43,760 ~17,100 
1500 ..... ~43,100 —15,200 
VOOR eck 3 —43,160 ~15,200 
1502 ..... -29,700 -15,200 
100 22... —29,200 -14,200 
1700 ww —28,00 ~15,300 , 
180. 2.2... ~-28,300 ~)2,400 
Woe LL, —27,360 -11,60C 
a ee -27,400 __ ~16,700 


MP, 


‘Phase Changes of Metal 


1B57R 


AH- - 3120 cal./g.-atom 
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Cuproxzaz Oxide, Cu,0 (page 2) 


Entropy, cal./deg./mole at 2$8°K : 24.1 8, 4,9 
22.44 2 
Melting Point: 1502°K (1229°C) 2,9 
Heat of Fusion, Keai./mole 13.4 2,7,9 
Boiling Poinv: loses oxygen at 
2073°K (1800°C) 1 


Transition Point: — 
Heat of Sublimation: Bes 


b. HEAT CONTENT AND ENTROPY OF Cu.0(c) 
(Base, crystals at 298.15°K) 


T, °K Ey — Fae ts Sr - Soos.ts T,°K Hy — Hoss.is Sr —Soos. is 
cal./mole eal./dey. cal./mole cal./deg. 
mole mole 
400 ..... 1726 4.96 dais 


500 ..... 8470 8.87 WOC ..... 18,920 22.10 
600 ..... 5280 12.26 1100 ..... 15,120 24.10 
700 ..... 7150 16.14 1200 ..... 17,320 26.02 
800.2... 9060 17.68 


Cu,0(c) : 
Enthatpy : Hy ~ Haeg.is == 14.90T + 2.85 x 10°T?~ 4696 
(0.2 percent ; 298° -. 1200°K ) 
Heai Capacity : C, = 14.90 + 5.70 x 10°T 
Heat Capacity, cal./deg./molc at 298°K : (solid) 16.7 


Decomposition Temperature: When heated in air starts to oxidize slowly at | 45 
about 145°C, and rapidly cowards 28°C. 
Heated in air it does not dissoc/ate but oxidizes. 44V60L 
Decomposition Products: 
Ref 54V8 states tnat at high temperature Cu,C dissociates into copper 


and oxygen. 
Dissociation Pressure: 
Press.mm. .0y65 0,16 .0,28 .088 138 446 83812 4019 | 54V3, 
a ee eee 7 — | Addnl. Ref. 1 
Temp. °C §O) 10C0 «61500 «1800 19900 2000 “300 2500 
X-Ruy Crystallographic Uaia: 
System Space Group a Meecules/Unit Cell 
cubic of 4.2 2 1 


oS 


Hygroscopici:y: Cupreus oxide is stable in dry air, but gradually oxidizes to] 2 


eupric oxide, CuO, in moist ai-. | 
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Cuprous Oxide, Cu,0 (page 3) 


Solubility Data: Ia water and alcohol: insoluble 1 
Jn HCl, NH,Ci, NH,OH: soluble 
In HNO,: slightly soluble 
Health Hazard: alight 12 
Safety Classifications: , : 
OSM: not listed 
ICC: not listed ! 


Fire and Explosion Hazard: — 

Electrostatic Sensitivity : — 

Use in Pyrotechnics: Cuprous oxide is used as a fuel, and with chlorinated | 17 
organic compounds as a color intensifier. 


Additional References: 
i) E. Heyn, Zeit. anorg. Chem. 39, 1 (1904) 
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“*DECHLORANE,” C,,Cl,, 
(Dimer of Hexachiorocyclopentadizne) 


Note: The name “Dechlorane” is trademarked by the Hooker Chemical 


Corp. 
Form da: 


rf 


Specification No.: 
Molecular Weight: 
% Chiorine: 
Crystalline Form: 
Color: 

Density : 


Coefficient of Thermal Expansion: 


Heat of Formation: 


Free Energy of Formation: 


Entropy: 
Melhing Point, °C: 


not listed 

545.6 

18.8 

granular solid 

white 

2.620 + 0.005 g./cc. at 
4.3°C 


(sealed tute method) 485 


In a OTA run hiuifaction started at about 160°C 


Heat of Fusion: 
Boiling Point, °C: 


Transition Point: 
Heat of Sublimation: 


Heat Content or Enthalpy : 


Heat Capacity: 


Decomposition Temperature: 
White fumes soted bet. 300°-500°C. These fumes darkened as the temp. 
was raised. Some decomposition above 500°C, 


For DTA see Kef. 33 
Decomposition Products: 


atarts to sublime about 
240 


Refs. 
Addai. Ref. 3 


Addnl. Refs. 
1, 2,4 


Addnl. Ref. 1 
Addni. Ref. 1 


Addn! © ‘fs. 
1, 2.33 


Addal. Ref. 1 
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Yechiorane, GroChs, (page 2) 


Vapor Pressure: 


___ Press. mm. 38x10" 6X10 BX 107 Addni. Ref. 1 
RE) el Oe eee ee eee |e | ee eee 
t Hygroscopicity: orth 
Solubility Data: In benzene: soluble Adanl. Ref. ¢ 
‘ Solvent g./100 g. solvent at R.T. Addn. Ref. 1 
} toluene 13.3 
} xylene 82.7 
perchluroethylene 10.3 
styrene 17.2 
mineral spirits (Stoddard solvent) 5.8 
Reactivity: Dechlorane is inert to strong cxidizing and reducing agents such | Adan. Ref. 1 


as H.S0,, HNOs, aq. NaOH, LiAl, H,, CISO;H, H. and O, under normal 
reaction conditions. Unaffected by Zn dust plus HCl, acetic acid or metn- 
anol, also by oxidizing agenta such as KMnQ,, CrdOs; and SOs. 
Health Hazard: Only slightly toxic. Essentialiy not irritating to the skin. Oral 
L.D. 50 (value determined on rats) approx. 6000 mg./kg. 
Safety Classifications: 
! OSM: not listed 
! ICC: not listed 
: Fire and Expiosion Hazard: —_—- 
Electrostatic Sensitivity : 
Use in Pyrotechnics: as a color intensifier 


Addnil. Ref. 2 


Addnl. Ref. 1 


Additional References: 

1) Data obtained from literature prepared by the Hooker Chemica! Corp., 
Niagara Falls, N. Y. 

2) “An Investigation of the Chlorocarbon, CyoCli, M.P. 485° and the 
Ketone, CroCl 90, M.P. 349°,” E. T. McBee et al., J. Am. Chem. Soc. 78, 
1511 (1956) 

3) “The Chemical Behavior of Hexacnlorocyclopentadiene, IJ. Condensa- 
tion with Trichloroethylene,” J.S. Newcomer and FE. T. McBee, J. Am. 
Chem. Soc. 71, 952 (1949) 

4) “The Structure of the Compound C,.Ci,-,” D. H. Zijp and H. Gerding, 
Rec. trav. chim. 77, 682 (1978) 
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PREM ER EDS 


(Sarech Grau, Mvidist: Geasece, Asses tia, deaasane bie, Mevecdibetes Coa) 


} 

Dextrinar dextrines are obtiuined by treating starchoin any one of ie iim. | 1, 16,55, 24, 
ber ef ways. These include cocbtratled dilate acid bydrolysis of wet starch, ihe Bo £0 
use of certaty: cazymes, nd dey heat, The rosultant products, whose proporties | 
vary wilh Lhe source of the starch and dhe details of the treataient, are repre 
sented by the general chemieal Pormula CC.i.0,),.° HG. Phe nis, however, | 
. neh smaller than in the oviginel starch, The various dext) nization treatments | 
of starch lead to complex mixtures resulting from theee main types of reaction : | 

1 


1} tydroh tic cleavage. which vields smaner and more water scluble com- 


pounds, 
2) ‘Yranselucosidatiou, in which a t-d glucosidic bond between two CylbioOs | 


units is broken and | 1-6 bend fermed with a diferent C1 ,0; unit, 


with the Sor:natica of a branch point. This reaction produces branched | 
molecules and little change ja molecular weight. | 
i 


8) Some repeolymerization and condensation of smaller molecules, 

Because the polymolecularity of the original starches differ and varios | 
treatments result in a mixture of the three main reactions, the products differ | 
in size, distribution of mcilecules, and in extent of branching, and thus have 
different properties. 

Dextring are distinznished fron: starch by the viclet and red coivrs that 
dextirins give with jodine solution 

Dextrins are usually characterized by giving the source or kind of starch 
used, the color of the dry products, their solubility in water, and the viscosity 
of their water dispersions. The following tabie gives the nore carmraon tyreat- 
ments of starch to produce dextrins, together with some properties of the result- 
ing starches. 


re 


CLASSIFICATION OF DEXTRINS 23 
Yellow or 

Winte Canary 

Dextrins Dextrins Pvitish Gums 
Manuf, Conditions 
Usual catalyst HCl HCl none or an | 

alkali 

Temperature, °C 79-121 149-218 135-218 | 
Time, hrs. 3-8 §-18 10-29 


Product Characteristics 


Color white to buff to buff to 
: light cream yellow or brown dark brown 
Solubility (dispersi- 


bility), % 1-98 90-100 1--100 


Useful diln., parts of water 2-5 1 or less 3-70 
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Wextcin (page 2) 


Specification : 


JAN-D-232 


The specification covers twe types of corn dextrin: Type i --whiie, an? 
ype Ge yellow. These vary in composition as indicated ky a wide difer- 
¥I y } 


suce in water solubility. 
Molecular Weight: 


Goler: 
Density, eon. : 
Melting Point: 


Specific Heat, calji./°C at 90°C: 


Hygrosespicity : 
Health Hazard: 
Safely Ciassifications : 
OSM: 
ICC: 
Use in Pyrotechiiics: 


less than starch) 
white to dark brown 


| 

| 
yariabie (appreciably 
LOGS 4 I 


decomposes : 

0.292 | 1 
very deliquescent ZOV3 
non toxic 28 


Hot listed i 
nu shi ying jabel required | 


fuel and binder 


Dextrins have strong adhesive pruperties and are used mainly as pastes. 


Additional References: 


1) B. Brimhali, Ind. Eng. Chem. 36, 72 (1944) 


2) J. Geerdes et ai., J. Am. Chem. Soc. 79, 4209 (39575 
3) “Chemistry and Industry of Starch,” R. W. Kerr, Ed., Academic Press, 


Inc., New York (1950) 


4) GM. Christensen and ¥. Sraith, J. Am. Chera, Soc. 79, 4492 (3857) 


1. 4-DIAMINO-2,3-DIBY DRG AN TERAS LOULNON K f  Aepe. { 
(tf dinmine-2,is-aily dra-9, Ddihydro-9, 1 d-dh. weonibracene. 


Violet A 100) 


Structvral Formulz: a? 
) 
| NE 
[ Ly RK, 
Cig 202Ne Re A 
b NH, 
“pecification No. : MIL-D-3668 
Covers one grace with a mivimum purit, of 87%. 
Moleculur Weight : 240.26 
Color: violet 
Density, g./ml.: {apparer.t) 0.35 + 0.10 ) Spec. 
Solubility : soluble in 96% aleohol i Opec. 


Health Baad: Some toxicity as indicated by the specification requirement that 
each concainer be conspicuously labelled: “CAUTION. —Avoid skin contact 
or breathing of dusi. fumes, Provide adequate ventilation in werk areas.” 

Safety Classifications : 

OSM: nut listed 
icc: not listed 


Use in Pyrotechnics: To impart 2 violet color to burning smoke mixtures, | 
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DEV POMACEOUS FaRTH 


CInfosorial earth, “Diavomite,” fossil four, Kieselgebr, Tripolite, 
Siltceons earth, Tripoli (a type of erystalline digtoutte), 
ate’ pe aah) \ 2 gee s y eo? n 
Celie,” “Featherstone,” “Filter-Cel,” Seper-"ess) 


Diatomaceous earth is composed of the siliceous skeletons of diatom. which | bv ov, 16, 
are microscopic aquatic plants of the class Bacillerieae. These oecur ii great | Addnl. Ref. 1 
beds anv are not earthy, Large deposits ociur ie the wegusi: part of une U.S. 
After being dug from open pits, the diatomite is prepare? » a> comme reial use 
usuall, by being heated te remove organic ma‘icy and treater woh ucids to 
remove iron. The individual diatoms occur in a greal many feria. and differ 
considerably in size. The average particle size varies from 1 te 4%, and the 
specific surface from about 7.050 te as much as 67,0060 s:;. em./g. Chemically, 
distomite is mav.ly silica (usually the SiO, content is vetween 84 anu 92%). 

The impuritics are highly variable and « -e usually Al and Fe oxides, The 
water content varies from 2 to 16%. The physical propervies also vary © er a 
wide range. 

Diatomaceous earth is frequently used because cf its highly abacrotive ; 52V3, 29 
character which is closely related to its specific surface. Oil absorpticn varies 
from 25 to 150 Ibs. of oi! per 150 ‘os. of diatomite; water from one to four times 
the weight of diatomite. This porosity is a resuls of the fact that the shells of 
the diatoms are hotlow. 

Diatomite is a poor conductor of her, electricity, and sound, anc makes an 
excellent filter. | 
Specification: MIL-D-20550 | 

The specification requires that the mater:7i be a naturally mined diatomace- 

ous earth, which has not been ignited. 


SiO, content, %: 85.0 to 87.0 
Oryanic matter, %: raax 1.0 
Linseed absorption, g. oil/100 g. material - 150 to 210 


Normal color and form: white to light gray. to pale buff tine powder, varies} Addnl. Ref. 2 
with the nature of the impurities present 


Density «./mu.: 50V10 
noncaicined 1.90 
*-ned and bleached, ‘whitest grades 2.35 | 
Apparent : U.24 to U.34 
Spec, requirement: (max.) 0.3 


Melting Point: Uneontaminated diatomaceous earth should melt at the temp. | Addni. Ref. 2 
of fusion ef silica, i.e, 1873°K (1600°C). The average quality sinters at! 
about 1073°K (800°C). 
Specific Heat: cal./g./deg. at 25°C: 0.23 Addnl. Kef. 2 
Hygrosconicity : —. | 


1i7 


: ; OB eB fie aes 
ake ‘e teres 4% 
Dintoumeconus Marth (pgs 2) 


Solidbility Data: Insoluble in water, acids, and dilute alkalies. Resistant to most | 2 
chemicals, Attacked bv TIF and slowlv dissolved by hot acucous caustic 


ace 


Veelth Razard: Moderately toxic on inhalation. Under long exposure to high | 9 
concentrations the dust may cause pulmonary filtro. is. 
Fire and Explosion Hazard: none mentioned 
Use in Pyrotechnics: as an inert filler 
Additional References: 
; 1) “Clarifying Efficiency of Diatomaceous Filter Aids,” A. B. Cummins, 
Ind. Cnem., 24, 403 (1942) . | 
2) “Diatemececus Earth,” R. Calvert, ACS Monogrepi: No, 52, Chemica! 
Catalogue Co., New York (19390) | 
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DIBUTY EPI PHALATE L Reps. 
Co-butylphihie. wabiayl-o-pithallate, baty! phthallate, 
dibutyl b2-benzenedicarboxylate ) 


Formula: Cali, (COOC Hy). or CygHon20, 
The industrial product made by the Commercial Solvents Corp. has the 
following pruperties: Purity, 99-100% ; Boiling Range at 37 mm. press., 
227-235°C ; M.P. < --10°C; Flash Point, 347¢°F. 


Specification No.: JAN-D-218 
Molecular Weight: 278.34 
Form: oily liquid 1 
Color: colorless a 
Density, g./ml.: (liquid) 1.0465 1 
1.0427 Addnl. Ref. 2 
Coefficient of Therma! Expansion: —_—— 
Heat of Formation, Keal./mole at 18°C: Addnl. Ref. 1 
At constant pressures : : -207.2 
At constant volume: -199.6 , 
Free Energy of Formation: ens 
Entropy: 
Meltine Point: 238°K .-7°C) 
Heat of Fusion: 
Boi!ing Point: 622°K (349°C) 29 
618°K {340°C} a1A 
Transition Point: — 
Heat of Sublimation: — 
Heat Content or Enthalpy: —- 
Heat Capacity: — 
Decomposition Temperature: —— 
Decomposition Products : = 1 
Vapor Pressure: n 
~~ Press mm, 1 10 40 ~~ 100 400 760 1 Ct = 


Temp. °C _ 1482 1982 2358 263.7 $135 340 


See ulso Addnl. Ref. 2 
X-Ray Crystallographic Data: —- 


Hygroscopicity : —_—- 

Solubility Data: In water: 0.04 g./100 mi. at 25°C i 
Miscible in a!l proportions with alcchol, ether, acetone, benzene, and many 
organic liquids. 
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Wibaeryebethallage Cprscee 2} 
Health Useacd: Low; ingestion can cause gastrointestingar discurbarces, 
Safety Classifications : 
OSM: Listed as substantially inert and presenting no pari.cular fre or 
toxic hazard as used in Ordnance establishments, 
cc: not listed 
Fire and Explosion fiavard: Combustible on exposure to heat or flanie ‘an 
react with oxidizing materiais. To fight fire use water, foam, CC,, cry 
chemical, or CC]. 
Heat of Combustion, Keal.,‘mele at 20°C (H.0 liquid) : 


1586.2 
Flash Point, °F (closed cup): 815 
(open cup): 335 
Avtoignitoon Temperature, °F: THT 


Yse in Pyrotechnics: As a solvent for nitrocellulose, 


Auditional references; 
1) L, Médard, Mém. artillerie franc, 28.476 (295-4) 
fs “Oe Vapour Pressure of di-n-butyphthailats di-n-butylsebacate, Lauric 
Acid and Myristic Acid,” E, Hammer and A. L. Lyderson, Chem, Eng. 
Sci. 1, 66 (1957) 
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Structural Formula: 


n N (HCHs) 
I 


I t 
O N(CH) 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color: 

Density : 

Coefficient. of Thermal Expansion: 
Heat of Formation: 

Free Energy of Formation: 
Entropy: 

Melting Point: 


Spec. min.: 
Heat of Fusion: 
Boiling Point: 
Transition Point: 
Heat of Sublimation: 
Heat Content or Enthalpy: 
Heat Capacity: 


a 
Decomposition Termperatvre: 
For DTA and TGA see Ref. 80 


Decomposition Proructs: 
Vapor Pressure: 


X | wuxystallographic Data: 
Absorption Spectra, see Ref. 66 
Hygroscopicity : 


Solubility Data (mg./100 ml.), 
In water at 25°C: 
at 80°%3: 
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VAM)? ADOT EES AGH EINOINE 
Freee ae kr ie Ae Duranol BriBbiand ine 0, 
Celfiton(e) Hast Shae 8s C2 61550, CE Dismecse Bae 4) 


Croth N20, 


MIL-D-21354 
266.50 


494-6°K 
(221--3°C) 
482°K (205°C* 


<0,00002 
0.0002 


Addn. “ef. 1 


Addn?. Ref. 2 
Addnl. Ref. 3 


1a-DeGaethvburtne pantiraqaiiogs (page 2) 


| 

{ 
a/b ab BaCOy in COLOR: Onn | 
In ethyl acetate: 0.86 | 
in benzene: 1.0 

Health Hazard: toxicity unknown 
The spec. requires trav each container be conspicuously lebeled, “Crutien. 
ail oran contact or breathing ef dust er fumes. Provide Adequaic Veati- 
ation, 


Safety Clasifications: 


OSM : not Jisted 
Icc: not listed 
Fire and Explesten Hazard; ree 
Electrostatic Sensitivity: ace 
Use in Pyrotechnics: tc color smoke 


mixtures blue 
Additional References: 
1) C.A. 47,870 (1953) 
2) 3. Soc. Dyers Colourists 70, 68-77 (1954) 
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Ctructural Formula: 
(HsC),N-)-N:N-_) 


Specification No.: 
The spec. requires a min, purity of 938%. 
Moleevlar Weight: 
Crystalline Form: 
Color: 
Density: 
Coefficient of Thermal Expansicn: 
Heat of Formation: 
Free Energy of Formation: 
Entropy: 
Meliing Point: 


Heat of Fusion: 
Boiling Point: 
Transition Point: 
Heat of Sublimation, Kceal./mole: 
Heat Content or Enthalpy: 
Heat Capacitv: 
Decomposition Temperature: 
For TGA see Ref. 80 
Decomposition Produrts: 


4-DIMETHYLAMINOAZOBENZENE 
(Benzeneazodimethylaniline; N.N-dimethyi-p-phenylazoaniline; 
Sudan Yellow GGA, butter yellow; methy! yellow, 
C3, 11620, C.1. Solvert Yellow 2) 


CuHisNs 


XPA-PD-367 (Rev. 1) 


225.30 
leaflets 
yellow 


388°K (115°C) 
390°K (117°C) 


Vapor Pressure mp Hg between 86° and 108° =a -+ (b x 103/T) 
a= 17.57 + 0.18, b-—=-6.31 + 0.05, T = ebsolute temp. 


Temp.°C 100 110 


VP.» 7.52 124: 


fnergy of Volatilization, Keal./mole 

at 264-361°C (96% purity) : 
X-Ray Crystallographic Data: 
Hygroscopicity : 
Solubility Data (g./100 g.) 

In water at 25°C: 

at 80°C: 
In pyridine: 


wy 
% 


115 
20.2 


21.2 


0.00003 
0.0008 
about 28 


‘enh 


Ney 3. 


1, 2S, 48, 48A 


1, 29 


48 
Addnl. Ref. 1 


Addni. Ref. 2 


Addnl. Refs. 


Addnl. Ref. 2 


80 


Adanl. Ref. 3 


88VI57 


4.Dimethylaminoazobenzene (page 2) 


In alechol, benzene, chioroform, ether, petroleum ether, oils, and mineral | 29 
acids: soluble 
tealth Hazard: may cause cancer 29, 84 
The spec. requires that “Each contriner shall be conspicuously lal cled: 
“CAUTION-—Avoid skin contact or breathing of dust or fumes. Provide ade- 
quate ventilation.” 
Safety Ci.asifications: 


OSM: not listed 
1cc: not listed 
Fire ard Explesion Hazar:: —- 
Heat of Combustion, cal./mole. Cp: 1909.6 88V16 
Cv: 1908.3 


wilectrestatic Sensitivity: _—— 


to color smoke mixtures 
Use in Pyrotechnics: valiow 


Additional References: 


1) “The Vapor Pressures and Heats of Sublimatiun of p-Nitroaniline, 
NN-Dimethyl-p-nitroaniline, p-aminoazobenzene and NN-Dimethyl- 
p-ami..oaz ‘xenzene,” T. G. Majury, Chem. & Ind. 1956, 349 

2) “The Dyeing of Cellulose Acetate with Non-Jonic Dyes. III. Dyeing 
from the Vapour Phase,” T. G. Majyury, J. Soc. Dyers Colouris:s 72, 41 
(1956) 


Oo) d. Gon. Pvers Colourisis, 70, 68-77 (1954) 


2-(4-DIMETHYLAMINOAZOPHENYL) NAPHTHALENE Refs. 


(4-8-naphthaleneazodimethylaniline; 
8-nuphthaleneazo-4-dimethy!aniline ; 
N,N-Dimethyl-p-2-Naphthylazo Aniline) 


Structural Formula: CisHi7Na 
G8: N:N—(_) N(CHs)2 
Specification No.: MIL-D-3613 
Molecular Weight: 275.36 
Crystalline Form: 
Color: brownish-yellow 
Deusity: — 
: Coefficient of Thermal Expansion: — 
Heat of Formation: — 
Free Energy of Formation: — 
Entropy: 
Melting Point: 445°K (172°C) Addnl. Ref. 1 
447°K (174°C) ee Refs. 
Heat of Fusion: — 
Boiling Point: --— 
Transition Point: —. 
Heat of Sublimatica: _- 
Heat Content or Enthalpy: —- 
Heat Capacity : aaeeaee 
Decomposition femperat re — 
Decomposition Products: —- 
Vapor Pressure: — 
X-Ray Crystallographic Data: oo 
For Absorption Spectra s2e Addnl. Refs. 3, 4, 5 
Hygroscopicity : — 
Solubility Data (g. to dissolve 1 g. dye) : 
In toluene or CCi,: 10 Addnl. Refs. 


In benzene: svluble 2,3 


Heaith Hazard: 
Safety Classification: 
OSM: not listed 
e Icc: not listed 
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2-(4-dimethylaminoazophenyl) Naphthalene (page 2) 


Fire and Explosion Hazard: —_—— 

Electrostatic Sensitivity: ees 

Use in Pyrotechnics : to color smoke mixtures 
yellow 

Additional References: 


1) “Condensation of aromatic amines with nitranilines. Preparation of 
azoamine compounds,” M. Martynoff, Compt. rend. 227, 1873 (1948) 

2) “Zur Kentniss der Diazoaminokorper,” H. Goldschmidt and B. Bardach, 
ber, 20, 386 (1928) 

3) “Some Azo Dyes in Non-Aqueous Solvents,” C. May and H. Hunt, Ind. 
Chem. 20, 386 (1928) 

4) “Absorption spectra and structure of aminoazo derivatives,” M. Marty- 
noff, Compt. rend. 236, 88 (1953) ; “Physical Properties of the Aminca- 
zobenzene Dyes. Absorption Spectra in Acid Solution,” E. Sawicki, J. 
Org. Chem. 22, 1084 (1957) 

5) “Physical Proverties of the Aminoazobenzene Dyes, IX. Absorption 
Spectra in Alcoiiol and Acid Solution of Disazobenzene Dyes,” E. 
Sawicki, J. Org. Chem. 23, 532 (1958) 
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DIPHENYLA! .JNE | Refs. 


(n-phenyleniline, Anilinobenzene) 


Formula: 
Specification No.: 
Molecular Weignt: 
Crystalline Form: 
Color: 


Density, g./mi.: 
Coefhicient of Thermal Expansion: 


Heat of Formation, Keal./mole at 18°C: 


at constant pressure: 

at constant volume: 
Free Energy of Formation: 
Entropy: 
Melting Point: 
Heat of Fusion, cal. (15°C) /g.: 
Boiling Point: 
Transition Point: 
Heat of Sublimation: 
Heat Content or Enthalpy: 
Heat Capacity: 
Decomposition Temperature: 
Decomposition Products: 
Vapor Pressure: 


Press. mm. 1 10 
Temp. °C 108.3 157.0 


X-Ray Crystallographic Data: 


Sysiem. n b 
monoclinic 14.0 13.9 
Hygroscopicity : 


Solubility Data (¢./100 ml.) 
In water at 25°C: 
In ethy! alcohol; 
In methyl aicohol: 
In ether: 
In benzene and ligroin: 


(C.H,) NH 

JAN-D-98 

169.22 

monoclinic 1 

colorless ieaflets (darkens { 1 

un exposure ty light} 

(solid} 1.159 1 

-28.2 Addn. Ref. 1 

31.7 

326°K (58° U} 1 

25.2 1 

575°K (302°C) 1 
1 


————- 


274.1 302.0 52.9 


c Axial Angle Mc'ssules/Unit Cell 1 
39.5 8B == 91°30’ 3 


0.630 

about 44 

57.5 

very suluble 
slightly soluble 


Health Hazard: Toxic on ingestion, inhalation, or akin absorption. Irritating | 12,29 


to the mucous membranes. 


Diphenylamine (page 2) 


Safety Clussitications : 


OSM: Listed as substantially inert. Preseuts no particular ice or texic 


hazard as used in Ordnance establishments. 


Fire and Explosion Hazard: Dangerous; when heated to decomposition emits | 12 
highly toxic fumes. Can react with oxidizing materials. Combustible. 
To fight fire use water, CQ,, dry chemicals, or OU. 67,75 


Heat of Combustion, Keal./mole at 20°C and 1 etm. : 
Specific Heat, cal. (15°) /w./°C, solid at 26°C : 
liqnid at 53°C : 
Flash Point, - (closed cup): 
Autoignition Temperature, °F: 
Electrostatic Sensitivity: 
Use in Pyrotechnics: 


Additional References: 


1) L. Médard, Mém. ertiilorie franc, 28, 478 (1954) 
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1686.2 1 
0.33% 1 
9.464 

307 : 12, 67 
846 12, 67 


as a stabilizer for 
nitrocellulose 


q 
} 


Pregesemee ante Mere ep nie weeny Here: 


ETHYLCELLULOSE Refs. 
(Cellulose Ethyl Ether) 


Formula: [CeHo-xOs-x (OC2Hs)x], 
where x = no. of (OC,Hs) groups and n = degree of polymerization 
Specification No.: MIL-E-10853B 
The spec. covers 46.8-48.5% ethoxyl content or x == approximately 2.4-2.5, 
and lists two classes which vary in viscosity, ethoxy! content, ash content, 
and granulation: class I, 46.8-48.5% ; class II, 47.1-48.1%. 


Molecular Weight: variable high 
Crystalline Form: (specification) amor- 
phous granules 
Color: white 
Density, g./ml.: (solid) 1.09-1.17 60 


Coefficient of Thermal Expansion: — 
Heat of Formation: —- 
Free Energy of Formation: —_—— 


Entropy: 

Melting Point: 518°K + (240 + °C) 12 
Ethy] cellulose with 48% ethoxyl content softens at 425-435°K 69 
(152-162°C) 


Heat of Fusion: — 
Boiling Point: —. 
Transition Point: 
Second order transition temperature, °C: 48 59 
Heat of Sublimation: — 
Heat Content or Enthalpy: — 
Heat Capacity: — 
Decomposition Temperature: — 
For DTA and TGA see Ref. 88 
Decomposition Products: —- 
Vapor Pressurc: —_— 
X-Ray Crystallographic Data: — 
Hygroscopicity : — 
Solubility Data (for 47% ethoxy! content) : Solubie in ethyl acetate, ethylene, | 29 
dichloride, benzene, toluene, xylene, buty] acetate, acetone, methanol, etha- 


nol and CCk. 
Health Hazard: none mentioned 
Safety Classifications : 

OSM: not listed 

ICC: not listed 
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Ethylcellulose (page 2) 


Fire and Explosion Fezard: Combustible when exposed to heat or fiame by 
chemical reaction with oxidizing agents. Flammability varies with ethoxyl 
content. 

Ignition Temperature of Dust Cloud, °C: 320 

Burning Behavior: First melts and drips and drippings continue to burn. The 
flame is yellow with blue edges. 

Commercial Tynes: A number of types of ethylcellulose are commercially avail- 
able, These range from 44.5 to 49.0 + in ethoxyl content and from very 
low to highly viscous materials (5% concentration from 3 to 5000 + centi- 


poises) 

Electrostatic Sensitivity, min:mum energy required for ignition of dust cloud 
by electric sparks (millijoules) : 10 

Use in Pyrotechnics: as a binding agent and 


retardant 


Additional References: 
1) “Cellulose and Cellulose Derivatives,” E. Ott et al., Eds., Interscience 
Publishers, Inc., New York (1954) 
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FERRIC OXIDE, Fe,O, Refs. 


(Tron Oxide, Burncd Ochre, Indian Red Rouge, | 1, 11, 16, 29 
Venetian Red, Red Chalk, Red Earth, Red Hematite, Red Stone, 
Persian Red, Persian Gulf Oxide, Colcothar, Iren Sesquioxide) 
Percent Oxygen: 30.06 
Specification No.: JAN-1-706 
The specification covers class 1, coarse, and class 2, fine. 
Molecular Weight: 159.70 
Crystalline Form: hexagonal! J ' 
Color: reddish-brown to black 1 \ 
Density, s./ml.: (solid) 5.24 
Coefficient of Thermal Expansion, linear: 7 x 10¢ 54V13 
cubic: 4x 105 : q 
See also Addnl. Ref. 2 
Heat of Forrnation, Keal./mole: --196.5 1,9 
See Table a 
Free Energy of Formation, Kcal./moie: -177.3 8,9 
See Table a 
a. HEAT AND FREE ENERGY OF FORMATION OF Fe.O; (hematite, 8, y) | 2 
T,°K AH (cal./mole) A F° (cal./moie) 
298.16.... -196,800 (+ 1800) ~—177,400 (+ 1500) 
400 ..... ~-196,400 -170,800 
500 ..... -195,800 —164,500 
600 ..... -195,200 ~158,300 
700 ...«.. -194, 500 -152,200 
800 ..... ~193,860 —146,200 
900 ..... ~193,000 —140,200 
950 ..... -192,800 -137,400 & 
950 ..... -192,600 -137,400 
1000 ..... ~-192,600 -134,500 ae. 
1083 ..... -193,100 —132,600 x” 
1083 ..... -193,100 -132,600 
1050 ..... -193,000 ~121,600 
1050 ..... -193,000 —131,600 
1100 ..... -193,000 —128,700 
bY (ere -193,000 -124,1006 
1179 ..... -193,400 — —124,100 
1200 ..... -193,300 -122,800 
1300 ..... -193,000 -117,600 


131 


Ferric Oxide, Fe,O3 (page 2) 


} T, °K AH (cal./mole) & F“ (cal./mele) 
1400 ..... —192,600 --111,100 
1500 ..... -192,400 -165,300 
1600 ..... -192,100 --99,500 
1674 ....., -191,900 -—95,200 
1674 ..... -192,100 —-95,200 
100 1.2... -192,100 ~-95,700 
1800 ..... -191,700 ~-88,000 


Phase Changes of Metal 
T.P., 1088°K ; 4 H = 0 (Curie point) 
T.P., 1179°K ; 4 H = 210 cal./g.-atom 
T.P., 1674°K ; a4 H = 110 cal./g.-atom 


Free Enerwy Equations: 2 
Reaction Range of Validity, °K 
1) 2Fe (a) + 8/2 0, (g) = Fe.O; (hematite) 298.16-950 
4 Fe = — 200,000 - 13.84T log T-1.45 (10ST?) + 1.905 (10°T*) -} 108.28T 
2) 2Fe (a) + 8/20, (g) = Fe,Os (8) 950-1033 
A F2 = ~ 202,960 - 42.64T log T + 7.85 (10-°T?) + .18 (10°T) +. 188.48T 
A Fe =~ 196,760 — 10.27T log T +. .75 (10? T?) - .30 (10°T 7) + 92.86T 
4) 2Fe (8) + 3/202 (g) = FeO; (y) 1050-1179 
A Fe =:— 193,200 - .39T log T-.13 (10°°T?) -.30 (10°F) + 59.96T 
5) 2Fe (y) + 38/202 (g) = FeO, (7) 1179-1674 
A Fs = - 202,540 -25.95T log T + 2.87 (10°T?) ~.30 (105T) 4 142,85T 
6) 2Fi (8) + 8/202 (g) = Fe20s (y) 1674-1860 
A Fy, = - 192,920 - .85T log T-.13 (10-°T?) -.30 (10°T") 4+ 61.21T 
Entropy, cal./deg./mole at 298.16°K: 21.5 9 
See Table b 
Melting Point: 1838°K (1565°C) 1 
Heat of Fusion: — 
Boiling Point: —- 
Heat of Vaporization: —_- 
Transition Point: a 950°K Ff 1050°K > 
Heat of Transition, cal./mole: a to B = 160; toy =<0 1 4 


Heat of Sublimation: 


mole 

400 ..... 2750 1050 (y)... 
500 . 2... 5770 1100 2.2... 
600 ..... 9010 

700 ..... 12,460 

s00 ..... 16,130 

900 ..... 20,030 

950 (a) . 22,060 

950 (B).. 22,220 

1000 ..... 24,020 

1050 (g)... 25,820 


Ferric Oxide, Fe2O; (page 3) 


b. HEAT CONTENT AND ENTROPY OF Fe.0;(c) 
(Base, e-crystais at 298.15°K) 


T,°K Ay — Hons Si Stenis 
cal./mole cal./deg. 


cal./mole 


Fe,Os3 (a) r 
Enthalpy : Hy — Hoos.1s = 29.49T + 9.30 ¥ 10°T? + 3.55 « 10°T - 9021 
(0.1 percent ; 298-950°K) 
Heat Capacity : C, = 23.49 + 18.60 « 10°T -3.55 « 10°T-? 
Fe,03 (8) : 
Enthalpy : Hy-— Hoog.1s == 36.00T — 11,980 (0.1 percent ; 950-1050°K) 
Fe.0s3 (y) . 
Enthalpy : Hy - Hoos.15 = 31L71T + 0.88 x 10°T? — 8446 
(0.1 percent ; 1050-1800°K) 


Heat Capacity : C, = 31.71 + 1.76 & 19ST 


Heat Capacity, cai./deg./mole: (solid) 


Decompositici: Temperature, °K: 1730 
See also Ref. 54V13 
Decomnosition Products: (high temp.) Fe;0, + O2 
Vapor Pres ure: Difficult to vaporize. Contradictory data in the lit rature. 
X-Ray Crystallographic Data: 
System Space Group a Axial Angle Moiecules/ 
(hematite) hexagonal Dg, 5.42 «== 55°17’ Unit Cell 
(magnetic) cubic 8.30 2 
Hygroscopicity: att, 
Solubility Data: Inssluble in water; soluble in acids. 
Health Hazard: none reported 
M.A.C., my /m.? (for fumes): 15 


133 


~T,°K W—-Hoas 


Sr a Sz0s. 1% 


cal./deg. 

mole 

41.31 
42.87 
45.80 
48.51 
51.03 
53.39 
55.63 
57.79 
59.95 


9 
4 
8 


Addnl. Ref. 3 
44V59B 


1 


Pn aal 


Bg oe aaa 


Ferric Oxide, FeO; (page +4) 


Safetv Classifications: none listed 
Fire and Explosion Hazard: _ none listed 
slectrostatic Sensitivity: 

Use in Pyrotechnics: as an oxidizer 


Additional] References: 


1) “Health Hazards Associated with Welding,” F. Hutchinson, Heating 
and Ventilating 42,73 (1944) 


2) C.A. 45, 9978 (1951) refers to Proc. Indian Acad. Sei. 33A, 245-249 
(1951) where data are given. 


3) C.A. 36, 4400 (1942) 
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FERROSOFERKIC OXIDE, "2,0, eS 
(iron (11, TTR Oxide. Btuck frou Oxide. fagnetite, Vritran Teroxide. 12,9 


Magnetic Tron Oxide, Ethier: fron, Lodestone ) 


Percent Oxygen: 27.64 

Specification No.: JAN-1L-275 | 

Molecular Weight: 234.55 

Crystalline Form: cubic 1 

Color: black to red-blech 1 

Density, g./ml.: (solid) 5.18 1 

Coefficient of Thermal Expansion, linear, 17--50°C: = 95.4 & 10° 5AVIES 

(magnetite) cubic, 17-50°C: 29 « 10° 

Heat of Formation, Keal./mcie at 298°K: -267.0 1,9 
See Table a 

Free Energy of Formation, Keal./mole at 298°K: -242.4 1,9 


See Table a and Free Energy Equations 


a. HEAT AND FREE ENERGY OF FORMATION OF Fe;,0, (magnetite 6,1) | 2 


T, °K AH (cal./mole) A F° (cal./mole’ 
298.16.... ~267,800 (-+ 10003 -243,200 (+1209) 
400 1... ~267,200 ~234,900 
500... ~266,300 -226,9C0 
600 ..... ~265,300 -219,106 
700 ..... -264,000 -231,500 
go0 . 1... -262,300 -204,100 
900 ..... -260,500 ~197,000 ; 
900 .... -260,500 ~197,000 
1000 ..... ~260,800 ~189,900 
ih re 261,700 ~187,600 
les Seen ~261,700 ~187,600 
1100 ..... ~261,700 -182,809 
PIGD 2 hia 's -261,700 -177,106 
VATOs ce es ~262,300 ~177,100 7 
1200 ..... ~262,200 --175,600 { 
1800 ..... 261,70 -168,400 
1400 1... -261,300 ~161,200 me 
1500 1... -261,000 154,190 
1600 ..... -260 800 ~147,000 
1674 11... -260,700 - 141,700 | 
1674 LL, -261,000 ~141,700 | 
1700 1... -261,100 ~189,800 | 
‘ 1800 on. 45 --261,100 -132,760 _ 
108 2... -261,100 ~132,500 
TSOB ics e.hoh 3 ~272,200 -132,500 | 
{870 2... -272,200 -127,300 | 
Fi ae ~239,209 127,300 | 
1900 ..... -239,000 -125,8U9 
‘ 2000 2... -238,200 119,800 | 


Ferrosoferric Oxide, Fe-O, (page 2) 
Phase Changes of Metal 
T.P., 19383°K ;A H = 0 (Curie point) 
T.P., 1179°K ; A H == 210 cal./g.-atom 
T.P., 1674°K ; AH = 110 cal./g.-atom 
M.P., 1803°K ; A H =: 3700 cal./g.-atom 


Free Energy Equations: 


Reaction Range of Validity, °K 2 
1) 3Fe (a) + 202 (g) == Fe,O, (magnetite) 298.16--900 
AF? == -268,310 4+ 5.87T leg T - 12.45 (10°T?) uP mtu oo 1) 4+.73.11T 
2) 8Fe (a) +202 (g) = Fee. (4) 
A Fo ==-- 272,300 - 54.27T log T + 11.65 (10°°T?) by OAS eT. 1) + 233.52T 
3) 3Fe (8) -- 202 (2) = FeO, (8) 1033-1179 
AFR =- 262, 990 - 5. ge logT. + 1.00 (40-812) —.40 (10°T) + 89.19T 
4) 3Fe (y) + 202 (g) = FeO; (8) 1179-1674 
We = — 276,990 — 44. ost log T + 5.50 (10°°T?) -.40 (10°T-!) + 213.52T 
5) are (8) +202 (g) = Fv30, (8) 1674-1803 
AFG. = — 262,560 — 6.40T ‘log + 1.00 (10°°T?) —.40 (105T-!) + 91,05T 
6) 3Fe (1) + 20. (2) = FeO, (8) 1803-1874 
A FS. = -- 275,280 - 8.74T log T +. 1.90 (10°3T?) -.40 (10°T"!) -+ 104.847 
9) 3Fe (1) + 202 (g) = FeO, () 1874-2000 
A Fg = - 257,240 -26.89T log T + 1.00 (10°°T?) ~.40 (105T*) + 155.46 
Entropy, cal./deg./mole at 298°K : 35.0 1,9 
See Table b 
Melting Point: 1867) K (15894°C) 9 
Heat of Fusion, cal./mole: 33,000 2,9 
Boiling Point: decomposes at 
260 + 30°K (1787°C) 8 
Heat of Vaporization: —- 
Transition Point: 900°8 (627°C) 
« B 4 
deat of Transition, ca!./mole: 0.0 
Heat of Sublimation: 
b. HEAT CONTENT AND ENTROPY OF Fe,0,(c) 4 
(Base, a-crystals at 298. 15°K) 
T, °K aes = Hosa 19 S;- Ss: 208.15 [ T, °K. ne = Hogs, is S. = S. “MBS 
cal./mole eal./deg. ca:./mole cai./deg. 
mole mele 
400 ....., 3990 11.48 40,159 62.81 
500 ..... $320 21.12 44,950 6E.99 
600 . 1... 13,G€0 29.75 49,750 Fu. 83 
700 2.2... 18,349 37.88 54,550 T4589 
860 .. 2... 24,260 15.77 59,350 V7.6 
900 (a)... 30,550 53.18 04,150 80.80 
900 (8)... 30,580 53.18 68,950 83.71 
Wego . 2... 85,350 98.24 73,759 36..45 
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Ferroesoferric Oxide, Fe,0, (page 3) 


FeO, (a) : 2 

Enthalpy: E’y — Hos.15 = 21.88T + 24.10 >< 10°°T? - 8666 | 
(0.5 percent ; 298-900°K) 

Heat Capacity : C, = 21.88 + 48.20 >< 10°T 

Fe;0, (8) < 
Enthalpy: Hr ~ Hoos.15 =: 48.00T — 12,686 (0.1 percent ; 900-1800°K) 
Heat Capacity, cal./deg./mole: (solid) 8, 48.00 4 
Decomposition Temperature, °K: 2060 + 30 8 


Stable at red heat. Begins to decompse in a current of N at over 1300°. | 54 
Decomp: sition Products: 
Vapor Pressure: — 


X-Ray Crystallographic Data: 


System Space Group a Molecules/Unit Cell 
cubic O} 8.37 8 1 

Solubility Data: Slightly soluble in acid; insoluble in alcohol and ether, 50V7 
Health Hazard: none reported 

M.A.C., mg./ia.§ (for fumes) : 15 25 
Safety Classifications: — 
Fire and Explosion Hazard: — 
Electrostatic Sensitivity : — 
Use in Pyrotechnics: as an oxidizer 


Additional Reference: 
1) “Health Hazards Associated with Welding,” F. Hutchinson, Heating 
and Ventilating 41,73 (1944) 
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FERROUS SULFIDE, FeS 
(Iron Monosulfide, Iron Proto-Sulfide, Pyrrhotite) 


Specification No.: 


JAN-F-279 


The spec. covers one grade and two classes. Class A requires a min. of 
99.8% througk a No. 100 Standard Sieve and Class 8 requires that the FeS 
be furnished in pieces capable of passing through a sieve having openings 


1-in, square. 
Molecular Weight: 
Crystalline Form: 
Color: 


Density, g./ml.: 


87.92 
hexagonal] 


black-brown (colorless 
when pure) 


(solid) 4.84 


Coefficient of Thermal Expansion (pyrrhotite) at 40°C: 


In direction of principal axis: 
Perpendicular: 


Heat of Formation, Kceal./mole at 298°F:: 


Free Energy of Formation, Kceal./mole at 298°K : 


Entropy, cal./deg./mole at 298°K : 
See following table 


Melting Point: 
Heat of Fusion, cal./mole: 


Boiling Point: 
Transition Point: 
Heat of Transition, cal./mole: 


.00000235 
.00003120 


(c) «, 22.72 
6, -21.35 
(ce) «, 28.22 


16.1 


1468°K (1195°C) 


8, 5000 

y, 7730 

decomposes 

a4il°K B 598°K Y 

a570°K 8 120°K y 
—> * > 


HEAT CONTENT AND ENTROPY OF FeS(c, i) 
(Base, a-crystals at 298.15°K) 
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T, oK Hr =~ Hogs, 15 Sr sf Seor, 15 
cal./mole cal./deg. cal./mole 
mole 
350 ..... 710 1100 ..... 12,680 
500 ..... 1470 1200 ..... 14,159 
411 (a). . 1649 13800 ..... 15,680 
411 (Bg). . 2210 1400 ..... 17,260 
500 ..... 3760 1468 (y) ... 18,350 
598 (Bf). . 5460 1468 (1)... 26,080 
598 (y).. 5580 1500 ..... 26,620 
600 ..... 5610 1600 ..... 28,320 
700 . 2... 7020 i700 ..... 30,020 
800 ..... 8430 1800 ..... 31,720 
900 ..... 9840 "00 ..0.. 33,420 
1000 ..... 11,250 19.99 2000 ..... 35,120 


Refs. 
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Ferrous Sulfide, FS (page 2) 
FeS (a): 
Enthalpy : Hy— Hoos.is == 5.19T + 13.20  10°T? - 2721 (0.8 percent ; 298-411°K) 
Heat Content: C, = 5.19 + 26.40 >. 10°T 
FeS(g): 
Enthalpy: Hy, - Hx..13== 17.40T — 4944 (0.1 percent; 411-598°K) 
¥eS(y): 
Enthalpy : H.— Hoos.15 == 12.26'T - 1.19 x 10°°T?- 2188 (0.3 percent ; 598-1468°K) 
Heat Content: C, == 12.20 -} 2.38 x 10°T 
FeS(1): 
Enthalpy : Hy— Hoos.is = 17-J9T + 1120 (0.1 percent ; 1468-2000°K) 
Heat Capacity, cal./deg./mole: (a) 13.1 (f) 17.4 4,9 
(liquid) 17.00 
Decomposition femperature: In a vacuum, dissociation starts at about 1100°C | 79V2 
and is complete at 1600°C. 
Decomposition Products: Fe+S 
Vapor Pressure: —- 


X-Ray Crystallographic Daca: 


System Space Group a ¢c Moiecules/Unit Cell 
hexagonal C4y 8.438 5.79 2 
Hygroscopicity : ea H 


Solubility Data: In water: .00062 g./100 mi. at 18°C, Soluble in acids with evo- | 2 
lution of H.S. Insoluble in ammonia. 


Health Hazard: slight (ordinary tem}: ; 12 
Safety Classifications: 

OSM: not listed 

ICC: not listed 


Fire and Explosion Hazard: Dangerous when heated to decomposition, duc to | 32 
the highly toxic fumes of oxides of sulphur. On contact with motst acids 
poisonous hydrogen sulphide cvolves which can form explosive mixtures 
with air. May react violently with powerful oxidizers. 


se in Pyrotechnics: asa fuel 
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GRAPHITE 


(Plumbags, Black Lead, Mineral Carbon, 
Silver Lead, Carburet of Iron) 


Graphite occurs naturally 1s 2 mineral and is also made artificially by heat- 
ing carbon, usually coal, in an electric furnace. Natural graphites are of three 
general types: flake, crystalline (plumbago), and amorphous. The artificial 
product *3 purer than the nateral. Graphite is marketed in a number of grades 
Laged on puri’y, electrical resistance, and finencss. [In an inert atmosphere 
graphite can he kept at 3006°C without changs, but in air combines with oxygen 
above G00°C, The hardness of natural graphite is less than that of talc, which 
is 1 on Moh’s scale. Graphite is « good conducicr of heat and electricity. 


Spec‘fication No.: JAN-G-155 
The spec. covers four grades: grades } and 2 are manufactured ; 2 and 4 
are natural. They differ in purity, the ua‘ural >eing less pure and contain- 
ing up to 6% mex. of silica vs. 0.6% for the maiufactured material. Natural 


gre. phite is used in pyrotechni: 5. 


Molecular Weight: 12.011 
Crystalline Form: hexagonal 
Color: hleck 

Density, g./ml. : (solid) 2.25 
Coefficient. of Thermal Expansion, linear at 40°C: 17.86 x 10° 
Heat of Formation, Keal./mole at 298°K: (gas) -170.890 
Free Energy of Formation. Kea!./mole at 298°K : (gas) -160.040 
Entropy, cal./deg./mole at 298°K : (gas) 37.76 


See following table 
Metiing Point: 
Heat of Fusion, cal./moie: 
Boiling Point: 
Transition Point (subiimation te:ap.) 
Heat of Sublimation, Kceal./mole, to ideal 


(solid) 1.37 


sublimes 

8000 

4000°K (8727°C) 
4620°K (43847°C) 


monatomic gas: 170 
to diatomic and triz.:omic gas: 200 
Heat Content or Enthal py, cal./mole at 298°K : (solid) 251 
See equation below table (gas, ideal) 
monatomic, 1559 
diatomic, 2096 
triatomic, 2541 
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Refs. 


16, Addnl. 
Ref. 1 


Addnl. Rev. 4 
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Gruphite (page 2) 
HEAT CONTENT AND ENTROPY OF C (graphite) 


(Base, crystals at 298.15°K) 4 
ss 1K Hy — Hoys.15 Sr -Sove.1s | T, °K Hy — Hoos.15 Sr—-Svoe. 15 
cal./mole cal./deg. cal./mole cal./deg. 

__ mole | mole 
400 ..... 250 072 #| 1800 ..... 7330 7.78 
500 ..... 570 1.43 1900 ..... 7920 8.10 
600 ..... 950 2.12 2000 ..... 8530 8.41 
700 ..... 1370 2.77 2100 ..... 9130 8.70 
800 ..... 1830 3.38 2200 ..... 9740 8.99 
900 ..... 2820 3.95 2300 ..... 10,350 9.26 
1000 ..... 2820 4.48 2400 ..... 10,970 9.52 
1100 ..... 3340 4.98 2500 ..... 11,600 9.78 
1200 ..... 3880 5.45 2750 ..... 13,170 10.38 
1300 ..... 4430 5.89 3000 ..... 14,770 10.98 
1400 ..... 4990 6.30 3250 ..... 16,390 11.45 
1500 ..... 5560 6.70 3500 ..... 18,020 11.93 
1600 ..... 6150 7.08 | 8750 ..... 19,660 12.39 
1700 ..... 6740 . .j.j.j+j(jT744 | 4000 ..... 21,310 12.81 


C (graphite) : 
Enthalpy : Hy— Hoos.15 == 4.038T + 0.57 x 10°8T? + 2.64 « 10°T-1 - 1936 
(3.0 percent ; 298-2500°K ) 


Heat Capacity: C, == 4.08 + 1.14 x 10°T -2.04 x 10°T? 


Heat Capacity, val./deg./mole: (solid) 2.07 (gas) 4.98 4,5,9 
See equation below tabic 
Decomposition Temperature: —_—- 
Decomposition Products: —. 
Vapor Pressure: 
Pres3.mm. 1 10 40 100 400 760 1 


Temp.cS 3586 2946 4196 4873 4680 4827 


X-Ray Crystallographic Data: 


System Space Group a c 
hexagonal Di. 2.455 6.99 


Hygroscopicity: 
Solubility Data: Insoluble in water, acids and alkalies. Soluble in moltea iron. | 1 
Health Hazard: Dust can irritate eyes. 12 


Safety Classifications : 
OSM: not listed 


ICC: not listed 
Fire and Explosion Hazard: — 


Molecules/U'nit Cell 
4 
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Graphite (page 3) 


Electrostatic Sensitivity : — 
Heat of Combustion, Keal./g.: 7.900 


Use in Pyrotechnics: as alubricant ; to improve 
bonding under pressure 


Additional References: 
1) “Industrial Carbon.” C. L. Manteli, D. Van Nostrand Co., Princeton, 
N. J. (1946) 


2) “The Specific Heat of Graphite from 13° to 300°K,” W. De Sorbo and 
W. W. Tyler, Chem. Physics 21, 1660 (1953) ; see also Ref. 63 

3) Ref. 64 

4) “Vapor Pressure and Heat of Vaporization of Graphite,” A. L. Marshall 
and F. J. Norton, J. Am. Chem. Soc. 55, 432 (1933) 


5) For X-Ray structure see also “The Synthesis of Diamond,” H. T. Hall, 
J. Chem. Ed. 38, 484 (1961) 
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GUM ARABIC 
(Gum Preservative, Gum Acacia) 


Gum arabic is the dried gummy extraction obtained from acacia trees. The 
gum is produced when the trees are in an unhealthy condition. Most of the gum 
comes from the Sudan ond West Africa. Today tapping is widely used. The gum 
exudes as droplets or “tears” which gradually harden on exposure to the 
atmosphere. These “tears” ur> 0.75 to 3 in. in diameter. After the “tears” are 
removed the tree continues to exude gum from the wound. For the better grades 
the cleaned gum is hand picked to remove extraneous material, Some gum is 
bleached by exposure to the sun for several weeks. The gum is available in 
several grades: natural, cieaned and sifted, bleached and dust. 

In addition to the more common names of gum arabic, gum rp. 2servative, 
and gum acacia, other names relating to the color or grade cr te the local area 
are used so that there is a great deal of confusion concerning the reiationship 
among the name, the actual gum and the species of acacia from which the gum 
is derived. As usually shipped the gum contains about 15% moisture. Its aqueous 
sol: tion is slightly acid. 

Gum arabic has been used as an adhesive since ancient times. It is a good 
emulsifying agent. 

See also Addnl. Refs. 1,2,3 


Specification : JIJ-G-821 


Molecular Weight: Variable high; probably in tne range of 100,000 to 200,000. 
See Structure below 


Density, g./ml.: 1.3-1.4 
1.35-1.49 


Vapor Pressure: —_ 
X-Ray Crystallographic Data: — 
Hygroscopicity: Poor resistance to water. 


Solubility Data: Soluble in hot or cold water; oil and most organic solvents ; 
aqueous alzohol up to about 60% alcohol; glycerol and propylene glycol. 


Safety Classifications: 


OSM: not listed 
ICC: not listed 

Health Hazard: When injected intravenously may cause allergic reactions, kid- 
ney and liver damage. 

Fire and Explosion Hazard: combustible 


Electrostatic Sensitivity: 


Chemical Structure: 
Gum arabic from different sources contains the sume sugars, but their pro- 
portions vary considerably, as shown by the following table: 
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Refs. 


16, 23, 29, 61 
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Gum Arabic (page 2) 
MOLAR RATIO OF CARBOHYDRATE COMPONENTS IN 
VARIOUS ACACIA GUMS 


Approximate Molar Ratio 


G DE : D-Glucuronic 
umSource Galactose L-Arabinose L-Rhamnose Acid 
Gum arabic 3 3 1 1 
Acacia mollissima 5 6 1 i 
Acacia . 
cyanophylia 11 2 5 5 
Acacia karroo 25 22 1 6 
Acacia verek 4 2 1 1 
Acacia pycnantha 65 27 2 4 


A number of complex structures have been proposed not only for gum from 
different sources but also from the same source. Hydrolysis of gum arabic yields 
four different sugars, as shown in the table above, which together make up the 
basic gum arabic molecule. Because the proportions of these sugars vary with 
the source of the gum, no single formula can have any rea! significance, The 
following proposed struc.re indicates the complex nature of the gum: 


GALP GALP 23 
al? wd? 
ie © 
6) 
ap ARE 
| le 
: 1© 
—9,,'90 @, ©  €IEO 8, Oo 
U)) 
@ Q ®@ 
nase Seat manson 
ID D 
0) $0) 
ARME =. - MRABCFURANDSE G4 
THAP 2 L-AHAMNOPYRANOSE = |G) ® 
GALP sD -GAL ACTIFYHANOSE lo 
GA= D-G.UCUROME ACID olae ARAF 


PROPOSED STRUCTURE FOR GUM ARABIC 


as a fuel, bonding agent, 


Use in Pyrotechnics: 
adhesive, and retardant 


Additional References: 
1) Ref.70 


2) “Natural Plant Hydrocolicids,” Ind. & Eng. Chem., Eds., Advances in 
Chemistry Series, No. 11, American Chemical Secicty, Washington, 
D.C. (1954) 

3) “The Structure of Acacias Su.dra Gum-—Part I. Nature of tne Sugars 
Present sand Structure of the Aldobiuronic Acid,” S. Mukherjee and 
A. N. Shivastava. J. Am. Chem. Soc. 8¢, 2586 (1958) 
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GUM TRAGACANTH 


Gur’ trevacanth is the dried gummy exudates obtained from severai varie- 
twa of the shrub-like plants of the Astragalus family, which grow in the semi- 
desert and mountainous areas of Turkey, Iran, and Syria. The gum exudes 
spontaneously and hardens on exposure to the air either in the form of snort 
+24 in.) rioone which are flat, flexible and opaque, or in thick brittle fiskes 
(82) 2 tn.), depending on the particular species of plant. The supply is iucreased 
by making incisions in the shrubs. The gum is sorted into five grades; tue best 
grades being the iientest colored of the lcnorst cibbons or largest Pakes, 

Chemically, gum tragacanth is a complex mixture of pslysacecheides. On 
hydrolysis D-galacturonic acid, D-galactose, L-fucose, U-ccrlose, nud T-avabinose 
are obtained. Gum tragacanth is about 60.70% insoluble i. walar, bat swells to 
form a gel whick is regarded as bassorin (Ui: H00,.). Phe water soiuble portion 
which gives a colloidal hydroso! with water is ¢#':a tcagacanthin. It consists 
of a ring of three molecules of giucoronic acii sid i molecule cf arabinose with 
aside chain of two molecules of arx':inose. 


Gum tragacanth in solution has the properties of a partially cross-linked 
nolymer, in that a small! portion is soluble while the greater portion remains as 
a swollen gel or gel-like dispersion. When properly preserved, gum tragacanth 
forms stable solutions over long periods of time in either cold or warm storage. 


A study of the infrared spectra of a wide variety of gums si-wed that the 
diferent samples of any one type of gum have essentially the same type of spec- 
truin, Tragacanth shows a strong carbonyl absorption at about 5.75. The dif- 
ferences among the various infrared spectra are sufficiently definite to serve 
as a means of identification and classification. 


An analysis of a representative sample of gum trazacanth shows the fol- 
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lowing percentages: 
Moisture 10 Ash 3 
Starch 3 Tragacanth vit 
‘sweliing par’) 
Cellulose 4 a 10 
(soluble part) 


Visensity is the most important property in evaluating gum tragacanth. 
It is the most direct meagure of the uniformity and quality f{thegam. To obtain 
maxium viscosity, the gum is crushed and soaked overmzhi. The dispersion is 
then stirred for 15-30 minutes. For powdered gums, it is best to disperse the 
gums in small amcunts cf ethanol or glycerol before the additio: of water. Heat 
is not recommended fer faster dissolution or increased viscosity. Viscosity is 
also decreased by adding aci, alkali, and NaCl. ; 
Specification No.: JAN-C-96 
Soluciity Data: Partly sotuble 10 water. Films cast frora aqueous solutions of 
gum tregacanth are unaffectes by organic solvents such as acetone, ethanol, 


CCh, xylene, and toluene. When painted with sclutions of basic or neutral 
lead acetate, these films also beconie insoluble in water. } 


Use in Pyrotechnics: fuel; bonding eyen’ 


Health Hazard: Nontoxic. Used in pharmacextical »ompounding. | 

Safety Classifications: t 
OSM: not listed | 
ICC: act listed 

Fire and Explosion Hazard: comoustible | 


Additional References: 
1) “Natural Plant Hydreecloids,” Ind. & Eng. Chem., ds., Advances ir 
Chemistry Series No. 11, American Chemical Society, V/ashington, D.C. 
(1954) 


145 


Refs. 


28, 29, 61, 70 
Addnl. Ref. 1 
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HF KACHLORUBENZEINE, C,Ci, 


(Perchlorobenzene) 
Specification M«.: JAN-H-257 
Molecular Weight : 284.80 
Crystalline Form: monoclinic or rhombic 
prisms % 
Color: culoriess i 
Density, g./mil.: (sold) 2.044 (riomb.) 1 
Coefficient of The: mal Exyonsion. —— 
Heat of Formaticn, Kcal./mole at 25°C: 34.5 £0.23 Addn. Ref. 1 
Free Energy of Formai.cn, Keai./mole at 298°K : +34 46 Addnl. Ref. 2 
Entropy, cal./deg./mole at 298°K : 62.20 Addnl. Ref. 2 


ETN me ne oe 


Melting Point: 

Heat of Fusion: 

Boiling Point: 

‘cransition Point, rhombic to triclinic: 
triclinic to cubic: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Czpacity, cal./deg./moie at 298°K : 


SOCK (227°C) 
599°K (826°C) 


316.7°K (45.6°C) 
345°K (72°C) 


(solid) 48.11 


Decomposition Temperature: For DTA see Addi.:. Ref. 4 


Decomposition Products: 
Vapor Pressure: 


i 


1 
Adanl. Ref. 2 
16 


Addnl. Ref. 2 


~~Press. ram. 1 10 40 100 ~—~«400 760 MP. 


(a RS 


~ ‘Temp. °C 1144 1664 2069 
X-Ray Cryszzallographic Data: 


235.5 283.5 309.4 280 1 


System Space Molecules/ 
Group a b € Azul Angle Unit Cell 
moroclinic Ci 8.07 3.84 16.61 B= 116°52 ay 1 
8.10 3.86 16.65 25 
Hvgroscopicity : -_—— 
solubility Mata: In water: insoluble 1 
In alcohol: inscivble cold, very 
coluble hot 
In benzene: soluble hot 
“n ether: very slightly solubis 
Health Hazard: May produce mild skin irritation on prolonged contat. OSM | 29, 14, 98 
states that it presents no particular toxic hazard as used in Grdnance 
establishments. Severly toxic on ingestion or inhalation. | 
M.A.C., ng./m.”: 0.5 VW 


146 


Hexachiorobenzene, CsCl, (page 2) 


Safety Classificazions: 
OSM: Inert and presents no particular fire hazard in Ordnance estabtish- 


ments, 
ICC: Noshipping label required. 
Manufacturing Chemists Assn. requires a warning label. 22 


Fire and Explosion Hazard: Slight when exposed to heat or fame. Flash point | 12 
468°F. Dangerous when heated to decomposition because of emission of 
highly toxic fumes. To fight fire use CO., dry chemical, or carbon tetra- 
chloride, 

. at of Combustion, ut 20°C and 1 atm., Kcal./mole. 

509 


(water liquid) : 1 


25°, << .1./g. (wees liquid) : 1995.3 Adadni. Ref. 1 


%: ctrostatic Sensitivity: Eeeoess 
Use in Fyrotechnic. : as a color intensifier 17 
and chlorine donor in 


white smokes 


Additior2i References: 

1) “‘cfeats of Combustion of Some Organic Compounds Centaining Chio- 
rine,” G. C. Sinke anda D. R. Stull, J. Phys. Chem. 62, 397 (1958) 

2) “The Heat Capacities of Hexachlorobenzene and Pentachlorophcnol 
from 15° to 300°K,” D. L. Hildenbrand et al., J. Phys. Chem. 62, 958 
(195%) 

3) “The Vapor Pressures, Latent Heats of Sublimation and Transition 
Points of Solid Hexachloroetnane,” K. J. Ivir and F. S. Dainton, Trans. 
Paradsy Soc. 43,32 (1947) 

4) “Pre-Ignition and ignition Reactions of the Pyrotechnic System Zn — 
C.Ole - KC1O,,” S. Gordon anc C, Campbell’, Reinhe'd Publishing Com- 
pany, New York (1856) 
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q HEXACHLOROETHANE, CC1,-CCl, Refs. we i 
Ne (Ca: we Hexechloride, Perchlerethane Carbon Trichloride) 1, 12 4 
\ i Specification No.: JAN-H-235 ar 
N : The apec. covers one grade and two ciusses: class a, unground, and class b, 
a ground, j 
B Moiecular Weight : 226.16 7 
ad Crystalline Form: rhombic, tablets from : 
" alevhol or ether 1 : 
4 rhombic, triclinic or cubic j 12 : 
3 Color: colorless to i 
" yellowish-white 1 i 
x Dengity, g./ml.: (solid) .091 1 j 
N “oefficient of Thermal Expansion: — ' 
. Heat of Formation, Keal./mole at 298°K: (gas) -48 9 : 
iG Free Energy of Formation, Keai./mole at 298°K: = —— 
. Entropy, cal./deg./mole at 298°% : 91.97 Addn. Ref. 3 
My See table below . 
| Melting Point: (sublimes) 
Ps 186.6°K (--86.5°C) 12 
Heat of Fusion, Keal./moie: — 
Boiling Point: (sublimes) 
457.5°K (184.4°C) 9 
Heat of V:.porization, cal./g.: approx. 43 52V1 : 
Transition Point: sublimes at ; 
457.6°K (184.5°C) 9 
rhombic--triclinic 
48.6°K (-229.5°C) 
tuictinic—+cubic i 
72°K (-201°C) 
Heat of Sublimation, Kceal./mole: 12.2 9 
Heat Content or Enthalpy: ' 
below i 
: Heat Capacity, cal./deg./mole: (selid) 41 : 
See table below : 
— ENTROPY, ENTHALPY, AND HEAT CAPACITY Addnl. Ref. 3 
Temp. Entropy Enthalpy Heat Capacity i 
i. _oF cal./deg./mole cal./mole cal./deg./mole i 
ZS... 91.97 0 31.62 t 
300 ..... 94.98 862 $2.74 
ROG . 2... 113.23 8052. 28.32 
800 ..... 132.02 20080 41.31 
1000 ..... 141.33 28430 42.13 
? 1200 ..... 149.06 36910 42.59 
; 1500 ___ 158.061 49750 42.93 
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Hexachloroethane CCl,*CCl, (page 2)' 
Heat Capacity equation for the range 0-1200°C: 
Cp =a+b (t) + ~ (i?) +d (t) (t= °K) 
a-= 31,820; b & 10? == 3.6896; x 105= 4,2081;d <x 10®=— 1.6198 
Decomposition Temperature: For DTA and TGA see Ref. 33 


Decomposition Products: Heated in a stream of air at about 550-600°C it is 
completely converted te CCl, and CCh. 


Vapor Pressure: 


Press.mm. 1 10 40 100. 400 760 MP. 
Temp. °C $1.7 78.5 1028 1242 168.8 185.6 186.6 
X-Ray Crystallegraphic Data: 
System Space Group a b € Molecules/Unit Cell 
rhomb. vis 11.51 10,14 6.39 4 
cubic 7.43 2 
Hygroscopicity : —— 
Solubility Data: In water: ; insoluble 
In benzene, chicroforin, oils: soluble 
In alcohol and ether: very soluble 


Health Hazard: May be moderately irritating to the skin and mucous mem- 
branes. In high concentrations it has a narcotic effect, and may damage 
the liver and kidneys. MLD, i.v. (in degs) 325 mg./kg. Has an odor similar 
to that of camphor. Moderately toxic locally, on ingestion, and inhalation. 

Safety Classifications: 

OSM: Substantiaily inert and presents no particular fire or toxic hazard 
as used in Ordaancc establishments, 

Fire and Explosion Hazards: Relatively inert, but when heated to decomposi- 
tion it emits highly toxic fumes of chlorides. Dehalogenation by heating 
with alkalies and m_tals, produces explosive chloracetyienes. 
Nonflammable 

Electrostatic Sensitivity : 

Heat of Combustion, Kcal./mole at 20°C and 1 atm.: 110.0 


Triple Point, °C: 186.0 

Use in Pyrotec:inics: as a chlorine carrier 
for sc~eening smoke 
compositions 


Additional References: 
1) &. H. Wibenga, Zeit. anorg. Chem. 225, 33 (1935) 
2) X. J. lvin ard F. S. Dainton, ‘Trans. Faraday Soc. 43, 32 (194/) 


8) “Thermodata for Petroi2um Chemicals,” K. A. Kobe and R. H. Harri- 
son, Petrol. Refiner 36, 185 (1957) 
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INDANTHRENE GOLDEN YELLOW G.K. (spee. name) | Refs. 
(HVT Golden Yellow; Indanthrene Golden Yellow GKAC; 
dibenzo(a,h) pyrene-7,14-dione; 4,4,8,9-dibenzopyrene-7,]4-dicne; | 90, 42... 
listed in the Ring Index as No. 3654, 
Ci. 59100, C.1. Vat Yellow 4) 
Structural Formula: CoH 1202 84 


A 


Specification No.: MIL-D-50029 
Molecular Weight: 332.3 
Crystalline Form: 
Color: golden yellow 88V7 ih 
Melting Point: 658°K (385°C 88V7 II 
Solubility Data: I:: ‘ilute NaOH, H,SO,, cuinoline, nitrobénzene, xylene, 88V7 IT, 

tetrahydronaphthalcne: ’ soluble 484 

In acetone, benzene, chicroform, pyridine, toluene: 

slightly soluble 


Health Hazard: Some «::xicity as indicated by che spec. requirement that “Each 
container shall be conspicuously labeled : CAUTION—Avoid skin contact ; 
use with adequate ventileticn !” 


Use in Pyrotechnics: to color smoxe mixtures 


yellow 
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KEROSEWE Refs. 
(Ke: >:ine, Coal Oil, Lamp O71, Fue! Oil No. 1) 3, 11, 16 


Kerc~ene is a variah'e mixture of petroleam hydrocarbons, chiefly of the , :2, 16, 29, 53 
meti.ane series, 10 to 16 .coms of carbon per molecuic. 

werosene is the light oily liquid obtained in the fracticnation of petroleum. 
It is the fraction which is obtaincd by the overhead distillation of crude petro- 
eum in the 174° and 18° range. It contains hydrocarbons in the range C,H. 
to C.sHa. Some commercial kerosenes may include 4irtillates up to 325°C and 
a specific gravity as high as 0.850, In Pennsylvania, ke. osene is defined as hav- 
ing a flarh point abowe 114°F, «vith not over 10% distillabie at 175° and not 
over 45% up te 200°C. A typical analysis of the ke: :..ene from a midcontinent 
crude includes n-dodecane, £ alkyl] derivatives of benzene, naphthaiene, 1- and 
2-methyi-5, 6, 7, 8-tetrahydronaphthalene. 

he fraction obtamed by distillation is decolurized by washing with fuming | 29 
H2S0,, followed by treatment :7ith sodium plumbite solution and sulfur (Doctor 
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o sweeteniny). 
Specificativa No.: VV-K-211C 
Norma} Color and Form: pale ycllow to white oily 
liquid 1 
Density, g./ml.: (liquid) at 60°F, 0.819 1 
Coefficient of Thermal Expansion: _— 
Melting Point, °¥: ~16 14 
’ Boiling Point, °F: 410-572 14 
i Becomposition Temperature: —_—— 
Decomposition Products : — 
Se!ubility Data: In water: insoluble 
With other petrolkum solvents: miscible 29 


Health Hazard: ‘oxic when ingested or inhaled ; causes local i: ritation, drowsi- | 12, 29 
ness, collupr? and coma, #ud may damage te heart, liver, and kidneys. 


Safety Uiessifications: 


Underwriters Laboratury Classification : 40 12 
CSM: fasvamable liquid 

Icc: not listed 

ULN.: inflammable liquid 


The ICC does not ciassify kerosene as a fiammailse liquid because the fash | 
poiat is above the maximum for this classification. | 
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Keresene (page 2) j 


Fire and Explosion Hasard: Iguites when exposed to heat or flame. Can also “4 
exptode in air. To fight fire use foam, COs, dry chemiical, CCl. 14 | 
Mash point: 100--165°F 75 
Autoignition temperatz:~ 430°F : 

: 96°C 71 
Explosive limits (% by vol. in air) : 1.16-6.0 26, 75 \ 
Explosive limits in closed vessel : 0.7-5 : 
N.A.C., parts per million in air for an 8-kr. day: 500 14 

Heat of Combustion (for kerosene with ap. gr. 0.819) 
cal./g.: 11,006 vel 


Use in Pyrotechnics: To prevent dusti:g in Green Smoke composition I and in | 
Violet Smoke composition I1. See specifications MIL-STD-516 and 522. 
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(Milk Sugar, Sugar of Milk, Lactobiose, Addn. Ref. 1 
D-Glucose 4—-(8—D~galactoside), 
D-Glucoee 4--(f&—D-galactopuranoscide), 
4—( P—D—galactosy!)—D—giucose, 
4-— (8—D—galactopyranosy! )~I)—glucose) 
Chemical Structure: Lactose cunsists of a giucose unit linked to 2 galactose unit. 
Because the glucose unit may be in the form of a lactol ring, a and 8 forms 
are possible. The two forms can be represented as follows: 


~—— . = 


: ™ (a ° ar 


H/ re 


The second formula differs from the first only in that the second glucose 
ring has been turned through an angie of 180°. The glucose rings may also have 
the aldehyde structure. Both forms show mutarotation [a]2, = + 52.3. 

The usual form is the a. By crystallizing solutions of the « form above 
98.5°C, the § form is obtained. 


LACTOSE, C,,H,,0,, * H,O (monohydrate) Refs. 


ARTS OEOOUOEE Sct i NORA HPN NN, 


Specification No.: MIL-L-18751 

Molecular Weight: 360.81 

Crysta‘line Form: rhombic 1 e. 

Color: cclorless 1 Z 

Density, g./ml.: 1.525. 1 

Coefficient of Thermal Expansion : — 

Heat of Formation, cal./mole at 298°K: so 
a-lactose> H,0 -§92,900 Adanl. Ref. 2 
f-lactose -583,800 

Free Energy of Formation, cal./mole at 298°K : 
a-lactose* H,O -418,200 Addnl. Ref. 2 ! 
lactose 873,700 

Entropy, cal./deg./mole at 298°K : 
e-lactose* H,0 99.1 Addni. Ref. 2 
B-lactose $2.3 


Melting Point: 274.7°K (201.6°C) for the anhydrous material when rapidly | 1,29 
heated. The monohydrate when heated loses water and becomes anhydrous 
at 120¢C. 
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| 
| Lactose (page 2) a 
{ 


Heat of Fusion: —— aes 
Boiling Point: decomposes | 
Transition Point: 366.6°K (98.5°C) Addnl. Ref. 3 | 
| Heat of Transition, cal./g.: - e-anhydride to f, + 1.0 Addnl. Ref. 3 H 
Heat of Combustion, anhydrous, Kg.cal./mole (H,O liquid) at 20° 
and lutm.: 1350.8 i 
MCLAL HEAT CAPACITY 
j ° ° ° 
| T, °K Co cal. T, °K Ce eal. T, °K Cry eal. 
| «LACTOSE MONOHYDRATE | 
(wt. of sampie in vacuo, 88.537 g.) 
61.838 21.98 148.30 54.86 239.02 85.49 ' 
| 65.15 23.63 156.90 57.62 | 246.02 87.94 i 
€9.70 25.49 164.04 59.95 252.92 90.65 “ 
| 15.00 27.71 171.85 62.61 257.99 92.06 | 
H 81.74 30.37 160.61 65.50 261.72 93.30 ; 
| 86.85 $2.48 187.39 68.53 268.21 96.65. ; 
91.73 34.64 195.39 710.63 274.38 97.14 | 
| 96.55 $6.12 204.15 73.70 279.56 99.26 i 
108.74 38.63 212.01 16.21 284.21 100.74 
| 109.42 40.61 214.48 T122 289.17 102.57 | 
115.57 42.97 219.77 79.07 292.91 103.59 
122.23 45.58 222.89 719.93 298.35 104.10 — 
129.51 48.12 227.86 81.62 | 297.42 105.06 { 
140.75 52.11 231.69 82.65 
p-LACTOSE 
(wt. of sample in vacuo, 113.11 g.) 
128.72 47.70 217.62 
149.22 50.86 225.97 
157.75 53.80 235.29 
164.86 56.28 243.97 
! 173.35 58.90 252.86 
183.05 €1.23 262.76 
190.47 63.63 270.98 
201.24 67.43 280.11 
208.73 289.44 
‘Decomposition Temperzture : — 
: Decomposition Products: — 
Vapor Pressure: decom poses 
X-Ray Crystallographic Data: monoclinic system 


< 
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Lactose (page 3) 


Hygroscopicity : 
Equilibrium Relative Humidity, % at 25°C: 98.8 Addnl. Ref. 5 
Solubility Data: In enld water: 17 g./100 mi.: 
In hot water: 40 g./100 ml.: 1 
In alcohol: very slightly soluble 
In chloroform and etlicr: insoluble 
SOLUBILITY IN WATER Addnl. Ref. 4 
—— Temp. _ Initial Sclubility Final Super 
°C a B Solubility Solubility 
0 5.0 45.1 11.9 25 
25 12.6 — 21.6 30 
39 — _ $1.5 74 
14 34.4 _— 80.2 
89 55.7 — 189.2 
100 — 94.7 _— 
Health Hazard: nontoxic 
used iv: infant feeding 29, 98 
Safety Classifications: : 
OSM: not listed 
ICC: not listed 
Fire and Explosion Hazard (dust ignited electrically in the presence of air): } 86 
Conen. Max. Press. Ave, Rate of Max. Rate of 
mg./1, Ibs./sq. in. Press. Rise Press. Rise 
Ibs./sq. in./sec. Iba./sq. in./sec. 
100 12 89 177 a 


500 22 32 168 - 


Electrosiatic Sensitivity : —- 


Apparent Dissociation Constants: Addnl. Ref. 4 
First constant, literature values: 0.76-1.08 > 10°-% 
Second constant, literature values: 3.0-3.6 « 10°34 
Third constant: 1.7 x 10-4 
Fourth constant: E 1.6 x 10°%* 
Use in Pyrotechnics: fuel, retardant, and in 


smoke mixtures 
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Lactose (page 4) 
Additional Keferences: 
1) “Orgauic Chamistry,”’ G. Hill and L. Kelley, ‘Tne Biukistow Company, 
Philadely ria, Pa. (1943) 
2) “Heat Capacities of Three Disaccharides,” A. An¢étson and G, Steg- 
ma::., J. Am. Chem. Soc. 48,212 (1941) 
8) J. Am. Chem. See. 50, 960-967 (1302) 
4) “Lactose and Ita Utilization, A Raview,” £. O, Whitticr, J. Dairy 
Scierce, 27,505 (1944) 
5) C.A. 61, 17846 (1957) 
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LAMINAC 4126 | Refs. 


Laminac 4116, a proprietary product manufactured bp Ame:ican Cyanamid 
Co., is a polyester with monomeric styrene that effects cros linkiag on curing. 
it is used as a bonding ayent and for this purpose it ia treated with a celalyst 
tw effect ~uring. 

The following data are from the technical data sheet on Lamiruc Polyester 
Resins of the Plastics and Resins Division of American Cyanamid Co. 


Color: clear, light. straw 
Specific Gravity at 77°F: 4.10 + 6.02 
Viscosity at 77°F: 

Gardner Holdt sczle K-O 

Brookfield, poises 4-5 


(Brookfield Model RV¥F, srindel #1, 20 R.P.M.) 


Curine Characteristics : 
Geltime at 80°C, 100 x. sample, 0.5% benzoyl 


peroxide, min. : LI~-2ES 
SPI gel time, main. : % 4e8 
SPI time to peak temp., min.: T4-9 
SPT peak exothcerm, °F: 330-360 


(SPI = Society of Plastic Industrics Test. Method) 

The curing of Laminae 41158 is yreatly speeded by adding curing agents. 
The crring is done either at room temperature or by heating. Room temperature 
curing egents are mevhylethylketone perox:de and cobalt Rapninenste, or beu- 
zoyi peroxide and Laminac Promoter 400. 


GEL TIMES AT T7°F 
(Methylethylketone peroxide (60% solution} az the catalyst) 


% Cobsit Nephthenste Gel time 
____ % catalyst 6% Cobalt meta! (minutes) 
~~ 6.5 0.6 200-220 
0.5 0.2 1%)-150 
1.6 0.1 5-70 
2.0 0.0 40-50 
2.0 02 19-15 


GEL TIMES AT TPF 
(Benzoyl peroxide (50% 0% paste) as t as the catalyst) 


% Crbalt Nephthenste —~—~—«sGell time 
% zatalysi 6% Ccbalt meta? (minutes) 
I Vs Wi; ans |” 2 |.) 
2.0 2.0 50-70 


4.0 4.9 5-10 
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Taminac 4116 (page 2) 


Heat Cure: Bocause of the low reactivity of Laminac 4116, its cure nay not be 
complete vith room temperature catalysts, and heat may be required to 
complete the cure. Benzoyl peroxide alone may be used to cure 4116 at 
elevated temperatures. Using 0.5-1.0%, cure cycles may be jess than 1 
minute at Z60°F for a section 1/16 in. thick to 10-12 minutes for thicker 
sections at 206°. 


Safety Classifications : 


OSH: class Z 
Icc: flammable liquid red label 
Decomposition Temperature: about 200°C 


For TGA see Addai. Ref. 5 
Decompesition Products: aS 
Hygroseopicity (gain in mg./g. after exposure, at R.T. in static and vacuum 


desiccntors) : 
Taminac 4116 Catelyzed with Lupersol DOM and Nuodex: 


| @5% K.P, 
Siat. Vac. 


93% R.H. 
Stat. Vac. 
3.5 3.0 


q 78 2.5 
30 1.6 
Storage life of Lamirac Resins with and without Catalyst and Accelerator: 
Uneataiyzed With cobalt, but With 0.004% cobalt 
Temp. °C (minimum) uncatalyzed (minimum) and 0.5% Lupersoi DDM 

days days hours 

25 90 0 3.5 -4.0 

52 18-21 18-21 


- 


As manufactured, Laminac resin contains 0.04% cobalt, as metal. 


Additional References: 

1) “Casting with Laminac Resins,” Plastics and Resins Div., American 
Cyanamid Co., Wailingford, Conn., cited by Ref, 73 

2) For exntherm cures of Laminac 4116 with varying amounts of Lupersol 
DDM and cobalt see Ref.73 

&) “The Kinetics of Thermal Degradatior of the Synthetic Styrenated 
Polyester, Laminac 4116,” D. An@erson and E. Freeman, J. Appl. Poly- 
mer Sc. 1, 192 (1959) 

4) “Charecterization cof Saturated Polyesters by Differential Thermal 
Apalysis,” D. Anderson and E. Freeman, Anal. Chem. 31, 1697 (1959) 

5} “Pre-ignition and Ignition Reactions of the Propagatively Reacting Sys- 


tem Magnesium-Sodium Nitrate-Larminac,” V. Hogan and £. Gordon, 
Combustion and Flame 3, No. 1, 3-12 (1959) 
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LEAD CHROMATE, PbCrO, Refs. 


(Psaie Chrome, Permanent Yellow, and Paris, Leipzig, 


Me ote i 


t 
é 
t 


, King’s, Cologac, or Lemon Yellow Chrome) 1, 11, 12, 29 

! Perveent Oxygen: 19.80 

Specification No.: JAN-L-488 

Molecular Weight : $23.22 1 

; Crystalline Form: monoclinic 1 

Color: - yellow or orange-yellow 

' powder 

: See also Ref. 54V11 i 

1 

j Density, g./ml.: (solid) 6.8 1 

Coefficient ef Thermal Expansion: — 

Heat of Formation, keal./mole at 298°K : {c)-217.7 9 

6 Free Energy of Formatior, Keal./mole at 298°K : ~203.6 86 
Entropy, cal./deg./mole at 298°K : 36.5 86 
Melting Point: 4117°K: (844°C) 1 
Heat of Fusion: not available 7 

| Boiling Point: eecomposes above its 1, b4V11 

melting point and gives 
off oxygen 
Transition Point, °K: (c) TT _980 (c) 11 1056(c) 1) 9 
Heat of Sublimation: — 

| Heat Content or Enthaipy: —_— 
Heat Capacity, cal./deg./mole (between 292 and 323°K) : 

| fest.) (solid) 29.2 4 
Decomposition Temperature, °C: approx. 904 45 

| For DTA see Ref. 33 
Decomposition Products: Becomes reddish-brown ai 250°C, At high temper- | 42V2 

atures it fuses and finally evolves oxygen wit); the formation of Cr.O; ana 

k basic lead chromate. 
Vapor Pressure: _—— 

X-Ray Cry vallographic Data: 

7 Mo!ccules/ 

i Systen. Space Group @ b c Axial Angle Cnit Ceil 
monoclinic Ch, 6.82 7.48 7.16 B= 102°33" 4 1 
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Lead Chromate, PbUr0, (page 2) 
Hygroscopicity (specification grade material, after 216 hrs. at 90°F}: 


RH % 70 90 33 
Gain, % 0.61 002 6.09 


Solubility Dati. In water ai ZC: 0000058 1, 29 
In acids m 4 alkali hydroxides: soluble 
In acetic acid, asnmonis: inselubie 
In hot water: insoluble 


Heaith Hazard: Partakes of the poisonous nature of both lead and chromium | 12 
salts, Corrosive action on “he skin, produces ulcers, ard is associated with 
the formation of cancers, Produces auemia, Because of its low solubility, 
ita toxicity is lese thnm most other lead salts. 
W.LA.C., mg./m.* 9.1 14 


Safety Classifications: 
OSH: Class 2, when not packed or stcred in origins! sh'pping container. 


Fire and Expiosion Hazard: Moderate by chemicai reaction with reducing | 12 
ageuts. Dangerous when heated, ss it emits highly toxic fumes of lead. 


Blectron «tic Sensitivity : peenaeee 
Use in Pyretechrics: As an oxidizing agent. Used in nonwsseous sowders 
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“ LEAD OXIDE, PbO | Refe. i 
: (Litharge, Massicot, Plambous Oxide, Lead Protoxide, 1, 29 : 
4 Lecd Monoxide, Lead Oxide Yellow) 4 
"] Massicot refers to the unfured oxide and litharge, to the fused. Modem) ; 
; i usage terds to the use of litharge fer all varieties of Pi), l i: i 
i P 
: Specification No. (litharge, dry) : MIL-L-1147 © i 
: ; Molecular Weight: 223.21 7 
ey , Crystalline Form (litharge) : tetre gonal—stable } ¥ 
; : at B.T. ? - BP 
; ‘ a 
is (massicot) : rhombic—astabie, { i * 
: 200°C to MP, | 92 .  € 
: : Coior: yellow } f 
; For the effect of temp. See Ref. 52V7 i | 
| “s Denaity, g./ml.: (rolid) alitharge, 9.68 — 
af ' 8 mussicot, 8.0 1 i y 
Coefticient of Thermal Expansion, cubic: 7.95 «irs 54V7 | q 
[ Heat of Kormation, Keal./mole, at 298°K : red (c) -52.40 8,9 i . 
Fi yellow (c) -62.07 bd 
} | See Tablen a, b, ¢ bs 
4 i Wree Energy of Formation, Keal./mole at 298°: red (c) -45.25 io. 
: yellow (e} ~45.05 1,8,2 or 
sl oo§ See Tables a, b, c, and equations i . &§ 
| . : 


& 


a. HEAT AND FREE ENERGY OF FORMATION OF 
PbO (red, yveilow) i, 


PR OK “DA (cal./mole) A F© (cal./mole) 


298.16.... 52,450 (+ 400) 45,250 (+ 150) 

7 52,250 42,850 
500... 52,050 40,500 
606 ..... 51,800 88,200 
600.5... 51,800 -88,200 
600.5 .... —58,050 88 200 
70 ....., 52,800 ~35,750 
162 5 oan 52,600 ~$4,250 
162 ....., 52,350 $4,250 


alee oF eRe Ce eS er an ee ret 


Phase Changes of Metal ee 
M.P., 600.5°K ; A H = 1226 cal./g.-atom 
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Lead Oxide, Pho (page 2) 7 


BEAT AND FRED ENERSY OF FORMATION OF % i 
PbO (yellow, |, g) ay 
2 ae A Hi (cal./moie) AF®° (cal./mole) 
“358.16... . 62,060 (+ 300) —45,050 (+ 350) : 
ry ne 51,900 -42,700 | 
B00... ~51,750 -40,400 
| 600 ..... 51,550 38,150 } 
600.5... . -51,550 --38,169 
600.5 .... -BC,800 8,150 
700 ..... ~Bz,500 35,750 | | 
800 ..... 62,200 83,350 | | 
ne cere 51,850 81,000 
1000 ..... 51,450 ~28, 75¢ ‘ 
; 1100 ..... -51,000 -26,450 i 
' 1159 1... 50,700 ~25, 150 1 
1159... 47,900 25.150 ; 
1200 ..... -47,709 24,400 5 
1860 ..... -47,250 22,450 ‘ 
| 1400 ..... -46,750- ~20,550 ; 
1600.2... --46,250 -18,'700 ai 
1600 ..... —46,750 -16,850 i 
1700 1... 45,300 15,100 { 
1745 2.0... ~45,100 -14,300 ! 
1745 ..,.. 45,700 ~14,300 
.ase Changes of Metal | 
M.P. Pir aye == 1225 es)./g.-atom 
. ____¢. HEAT AND FREE ENERGY OF FORMATION OF Pb0(g) 2 
T = A Hi (cal./mole) 4 F° (cal./mole) 
- ae. 16. oe. 10.1 100 (1400) —————S~S~S HOD (EEO) a 
(ar +8200 i 
500 sivas TH00 +1600 
| aie +9500 
660.5 +9500 0 
: 600.5 +8800 0 
10 ..... +8000 ~1400 
800 ..... +7800 ~2700 
:. +7600 ~4000 
1000 ..... +7400 5800 
1100 ..... +7200 ~8600 
1200.0... +7000 ~7800 
1800 ..... +6700 --9000 
14% 1.1... +6500 ~10,800 
1600 1.0... +6800 11,400 
1600 ..... +6000 -12,600 
1700.2... 4-5800 ~13,800 
1800 ..... 5600 -15,900 
: 1900... --35809 --16,100 
2000 =... +5100 17,200 
F Phase Changes of Metal 
M.P., 000.6°K ; 4 H = 1225 cal./g.-atom 


Source of Data: Heat of formation at 1'745°K derived from .eat of forma- 
tion and heat of vaporization of PbO (1) (see Tabie b) 
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Lead Oxide, Fb (page 3) 
Free Energy Equatiors: 


Reaction Range of Validity, °K 2 
1) Ph (ce) +40, 2) = FiO (red 298.16-600.5 
4 FQ == — 52,800 - 2.76T log’ Ohi ,10-42£7) ~_40 ie aa $2.49T 
2) Ph () +160 (g} = PbO ‘red ed) 600.5 
& Fe =~ 53,780 —- .51T lov Y -1.75 (10°T2) —.10 pe sj 28.447 
3) Pb (e) -+ 44 02 (g) = Pho isis 228.16-600.5 
AF? =~-bZ,040 + .81T log T - 2.00 (19°T?) —.10 nae a 22.13T 
4) Pb (1) + 440, (g) = PbO (yellow) 
A FS =— 53,200 + 3.06T log T —2.95 (16-°T?) — Pret or os 18.08T 
5) Pb (1) + 40; (g) = PbO (1) 1159-1745 
A FS ==-—53,980- 12.94T log T ++ .25 (10°72) -.10 (10°) + 64.22T 
6) Pb (ec) aoe % O2 (g) = Pb (c) +440, (g) 298.16-600.5 
A FQ == 270 + 1.917 log T + 1.08 (16-72) a. oan (1HT") . 23.21T 
7) Pb Q) ae. (g) == PbO (g) 5-200 
AF2 = -+ 9306 +. 4.17T log T +. 12 (40°°T?) + 2.95 SGOT 1) O7.29F 
Entropy, cal./deg./mole at 298°K : (red) 15.9 2 
ee) 18.6 a 
See Tubles d, e, f; also Addnl. R 
Melting Point: 1159°K (886°C) 2,3 
Heat of Fusion, cal./mole at 298°K: 2800 2,9 
Beiling Point: 1745°K (1472°C) 2, 2,9 
Heat of Vaporization. Kzal./mole: 51 9 
Transition Point (from red to yellow) 762°K (489°C) 9 
Heat of Transition, cal./mole: 290 2 
See also Addnl. Ref. 2 
Heat of Sublimation: — 
d. HEAT CONTENT AND ENTROPY OF PbO (y«tlow, i) 
(Base, crystals at 298.15°K) | 
T, °K Hy - Hoos.1s ~ F Hr — Fhogs.is Sy —Seos.is 
cal./mole ./deg. cal./mole cal./deg 
a tte et ee Sa as ee he 
400.2... 1150 22 iiee bbe ewes 10,800 16.90 
500 2340 11,720 1T7.9é 
600 ..... 3600 ae 18,720 23.548 
0 ..... 4920 30 | i200 ..... 19,380 24.32 
800 ..... 6310 15 06 | )«1800 ©... 20,920 25.60 
900 ....., 71780 86 | 21400 ..... 22,580 26.79 
1000 1... 9260 15.44 | 1600 1... __ 24180 27.89 


PbO (yellow) 
Enthaloy: H, - Haas, == 9.05T + 3.20 x 10°T? - 2923 (0.2 percent ;298- 1159°K) 
Heat Capacity : C, =. 9.05 +- 6.40 x 10°T; & Hiss (“usion) = 7060 
PbO (1) 
Enthaipy : Hy — Hees.is:= 16.COT + 180 (9.1 percent ;1159- 1hn0°K) 
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Leed Oxide, PhO (page 4) 


e. HEAT CONTENT AND ENTROPY OF PbO (red) 4 
(Base, crystals at 298.15°K) 
t °K H, _ Hogs. 15 S+ Poang S2s8.15 H, = Hapa .ts : Sr ae Sooa.1s 
cal./mole cal./deg. cal./mole cal./deg, 

mole mole 
400 ..... 1220 352 | TWO ..... 5060 10.65 
5600 ..... 2460 628 #$=| 800 ..... 6420 12.46 
G00 ..... 8740 62 {| 90 ..... 14.11 


PhO (red): 
Enthalpy : Hy—- Hues, :5 == 16.60T +. 2.00 x 10*T?-—3388 (0.1 percent ; 298-900°K) 


Heat Capacity: C, == 10.60 + 4.00 x 10°T 


f. HEAT CONTENT AND ENTROPY OF PbO (g) 4 
(Base, crystals at 298.15°K) 
T, °K * "He - Hace, 15 Sx — Soos.15 Hy ~ Hoss. S1—Syo8.15 
<al./mole cal./deg. cal./mole cal./aeg. 
mole mole 
400 . 2... 810 234 $| 1000 ..... 5950 10.14 
BOO 2... 1635 418 {| 1200 ..... 1710 11.75 
600 ..... 2480 5.72 1400 ..... 9480 13.11 
700 ..... 834¢ 7.04 1600 ..... 11,250 14.29 
800 ..... 4205 8.20 | 1800 ..... 13,080 15.34 
900) ek ares 5075 922 | 2000 ..... 14,810 16.28 
PbO (g): 
Enthalpy : Hy - Hoas.15 = 8.57T +. 0.12 & 10°T? 4- 0.79  105T-! -- 2831 
(0.2 percent ; 298-2500°K) 
Heat Capacity: C, = 8.57 + 0.24 x 10°T -0.79 x 10°T? 
PbO (c): 
Heat Capacity : C, = 12.70 + 7.80 x 10-°T (est.) {298-1000°F) 
Ph,0, (c}: 
Heat Capacity : C, = 35.14 (298°K) 
Pb,0; (e) : 


Heat Capacity: C, = 25.74 (298°K) 
See also Addnl. Ref. 2 
Heat Capacity, cal./deg./mole at 298°K: (solid, yellow) 11.60 4,9 


: (liquid) 16.00 
See also Addnl. Ref. 2 
Decomposition Temperature and Products: At 300-—-450°C, in air, it is converted | 29, Addnl. 
to Pb,0,, but at higher temperatures it is reconverted to PbO. Ref. 1, 
54V7 
Vor DTA see Ref. 28 
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Lead Oxide, PbO (page 5) 


Vapor Pressu«: os 
Press. noun, i 10 40 100 400 760 M.P. 
Temp. °C 948 1085 1189 1268 1402 1472 = 890 
X-Ray Crystallographic Data: 1 
System Stace Group @ b c Molecules/Unit Cell 
tetragonal (red) Di, 8.98 — 4.01 2 
rhombic (yellow) VP 5.50 4.72 5.88 4 


Hygroscopicity (Beker’s reagent grade, after equilibrium was established in a | 32 
vacuum desiccator, gein in ing./g. at R. T.) 


R.H.% 31 
Timeof |24hrs. equil.|24 hrs, equil.|24hrs. equil.|24 hrs. eyuil.!24 hrs, equil. 
Exposure! 


Gain 
mg./g. . . 

Critical R.H. at 25°: 99.2% 
Solubility Data: In water: .0017 g¢./100 g. at 20° 1 

In HNO,, alk. lead acetate, NH,CI, CaCl, SrCl,. and warm solutions of | 29 

fixed alkali hydroxides: soluble 

In alcohol: insoluble 1 


Health Hazard: More poisonous than metallic lead or most other lead com- | 12,29 
pounds. Avoid breathing dus’. Wear approved dust mask. Keep away from 
food or food products: 
M.A.C., mg./m.®: 0.2 25 
} 0.15 14 


Safety Classifications: 
OSM: not listed 
Icc: no shipping label required 


Fire and Explosion Hazard: Dangerous. When heated emits highly toxic fumes. | 12 
Electrostatic Sensitivity : _— 
Use in Pyrotechnics: === 


aa enema cement teeter amen an Ar yt ren rN a I en SAN nN RETO NERO NARS a raat 
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Additional References: 
i) C.A. 52,6998 (1958) 
2) “Low Temperature Heat Capacities and Entropies at 298.15°K of Lead 
Sesquioxide and Red and Yellow Lead Monoxide,” E. G. King, J. Am. 
Chem. Soc. 80,2400 (1958) 
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LEAD QXIDE (LEAD TETROXIDE), Pb,0, Refs. - 
(Minium, Red Lead, Mineral Orauge, Mineral Red, 1, 11, 29 a 
Plumbo, Puce, Orthoplambate, Paris or Saturn Red) 
Percent Oxygen: 9.33 
Specification No.: TT-R-191b 


The specification covers red lead for use in paints. Type I is dry, and has 
three grades (85, 95, 97) indicating the minimum % content of PbsQ,. 


! 
Type II paste in oil, grade 97. 


A 
| 
i 
Molecular Weight: 635.63 | 
Crystalline Form: , scales or amorphous ’ 
powder 1 : 
Color: red 1 ; 
When heated becomes redder, then violet and black; on cooliug again | 54V7 
regains ita scarlet red color. 
Density, g./ml.: (solid) 9.1 1 
Varies from 8.82 to 9.16 according to method of preparation. 54V7 4“ 
Coefficient of Thermal Expavsion: — j 
Heat cf Formation, Keal./mole st 298°K: ~175.8 1, 8,9 i 
See table below | 
Free Energy of Formation, Kcal./mole at 298°K : -147.6 1, 8,9 
See table below ; 
HEAT AND FREE ENERGY OF FORMATION OF Pb,0,(c) 
T, °K AH (cal./mole) AF (cal./mole) | 
298.16... . -175,500 (+ 4000) -147,500 (+ 4500) 
; 400 ..... ~175,500 -138,000 Me os 
F 500 ..... -175,0060 —129,000 | 
800 ..... -174,600 ~119,500 | 
600.5 .... ~174,500 -119,500 
€00.5 .... -178,000 ~119,500 | 
190 6 eon es -177,500 ~110,000 i 
800 ..... ~176,500 —100,500 
906 ....., ~175,000 91,0: 
____1000 ..... 173,500) 81F 0 
Phase Changes of Meter’ 
M.P., 600.5°K ; 6 H = 1225 ca! /g.-atom 
Free Energy Equations: 2 H 
Reaction Range of Validity, 9X Z 
1) 3Pb (c) + 203 (g) = PbsQ, (c) 98.1660 ...5 j 
4 FR =~ 174,920 + 8.82T iog T - 8.20 (14 “T*) - 40 (10°T?) + 72.78T 
2) 3Pb (1) +20, (g) = PbO, (c) 600.6-1600 
A F3 = - 177,860 + 15.59T log T - 11.05 (1 *T?) ~.40 (10°T*) + 60.4/T 
Entropy, cal./deg./mole at 298°K: 50.6 3,9, 24 ‘ 
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Lead Oxide, °bs0, (page 2) 
Melting Point. decomposes at about 1 
#73°K (500°C) 
See Decomposition. Temperature : 
Heat of fusion: —— 
Boiling Point: 


Transition Foint: 290-320°C 890-420°C 580-550°C Addnl. Ref. 2 


PbO, <————— Pb,03 +—— Pb, 0, = 
PbO (yellow). 

Heat of Sublimation: os 

Heat Content or Enthalpy: 

Heai Capacity, cal./deg./mole at 298°K: 


{solid) 35.14 9 


Decomposition Temperature and Products. Heated in air above 450°C, it is | 29, Addnl. 
converted to PbO. About 559°. Ref. 1 


Stable at 530°C, 54V7 
For TGA see Ref. 45 


Vapor Pressure: 
for PbO, “——> PbO (yellow* oh %02 
Press.mm, 8.4 8.04 76.0 155 589 859 1045 54V7 
“Temp.°C 4448 484.4 611.2 687.6 6§33 600.7 607 
or log 10 Pum. = 7-8595T + 11.8976 a a ce 
X-Ray Crystallographic Data: 


System Space Group a c Moleciwles/Usit Cell 
tetragonal Vj 8.875 6.51 4 18 
Hygroscopicity (of reagent grade material after equilibrium was establishe.. 
in a vacuum desiccator) : 22 
EE, Serr aa 
equil. | 24 hrs. equil.| 24 hrs. equil. 
Gain, 
mg./g. 0.8 0.6* 
*after one week 
Solubility Data: In water and alcohol: insoluble 1 
In acetic acid, hot HCl soluble 


Health Hazard: A cumulative poison that preduces anemia and legions of ihe | 29, 14 
kidneys, liver, nervous system, blood vessels, and other tissues. The speci- | 
fication requires the following warning label: ‘““Warning! Contains Lead 
Oxide Hazardous Dust. Avoid breathing dust and futnes. After handling 
or exposure do not eat or smoke without washing trorough),;. ‘se witn 
adequate ventilation. Keep away from food or food products.” H 
1A.C., mg./m.3: 0.2 oh 

0.15 14 
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Lead Oxide, Pb, (page 3) 
Safety Classifications: 


: class 2 
oxidizing material 
yellow label 
Fire and Explosicn Hazard: Dangerous because when it is heated it emits ) 12 
highly toxic fumes. It reacts with combustible and reducing agents. 
Electrostatic Sensitivi‘y : 


Use in Pyrotechnics: 


Icc: 


as an oxidizer 17 


Additional References: 
1) C.A. 52, 6998 (1958) 
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LEAD PEROXIDE, Pb, 
(Lead Dioxide, Lead Suapervxide, Brown 1.:a¢ Oxide, Platineriie) i, 12, 29 


Peicent Oxygen: 
Specification No.: 
Molecalar Weight: 
Crystalline Form: 
Color: 

Density, g./ml.: 


Coefficient of Thermal Expansion, linear: 6.057 « 10° 54V7 
Heat of Formation, Keal./mole at 298°K: (c)-66.12 1,2 
See table below 
Free Energy of Formation, Kceal./mole at 298°K : 52.34 | 1,3 
See table below i 
HEAT AND FREE ENERGY OF FORMATION OF PbO, (c) | 2 
T, °K A Hi (cal./mole) aF°(ccl/mole) 
298.16.... ~68,100 (+ 1400) 52,800 (+ 1200) 
400 ..... ~65,900 47,700 
500 ..... --65,700 43,100 
600 ..... -65,500 -82,600 
600.6 .... -65,500 ~38,600 
600.5 .... ~86,700 38,600 
700 ..... ~66,400 - 34,000 
800 ..... , ~66,000 ~39,400 
900 ..... ~65,500 ~ 24,800 
1000 ..... ~65,000 -20,300 
1100... .. -64,400 -15,900 
Phase Changes of Metal 
M.P., 600.5°K ; A H == 1225 cal./g.-atom 
Entropy, cal./deg./mcle at 298°K: 18.3 + 0.5 3,9 
Melting Foint: decomposes i 
Heat of Fusion: —— 
Boiling Point: 
Transition Point: See Lead Oxide (Lead Tetroxide), PbsO, 
Heat of Sublimation: 
Heat Content or Enthalpy: —_- 
Heat Capacity, cal./deg./mole at 298°K : (solid) 15.4 9 
290 1 


Decomposition ['emperature, °C: 
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239.21 


tetragonal 


Refa, 


* 
4 


brown 


isolid) 9.375 


Addri. Ref. 3 


{reguline at 20°C) 9.36 
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Lead Peroxide, PhO. (page 2) | 
Decomposition Products: Evolves oxygen when heated above 800°C, first form- | 17V8, 29 


rrellow label 


Fire and Explosion Hazard: Dangerous because when heated to decomposition | 12 
it emits highly toxic fumes of lead. It reacts with reducing material. 


Electrostatic Sensitivity : as 


Changes under Heat and Oxygen Pressure: Under 200 atmospheres of oxygen, | Addnl. Ref. 4 
is is unstable to 860-365°C, tut then dissocia.es to form Pb,O,. which 
is stable to 460~470°C when ‘t passes itito Pb,0,. 


Use in Fyrotechnics : as an oxidizer 


ing Pis,0,, and at high temperatures PbO. mee 
Vapor Pressure: 
Diasociation Pressure at 17°C atm.: ix yu 54V7 
X-Ray Crystalicgraphic Data: 
System Space Group G, ¢ Molecules/Unit Cell 
tetragonal Dis 4.91 3.40 2 
Hygroscopicity (reagint grade material after equilibrium was established in a | 32 
vacuum desiccator at R.T.): 
R.H.; % 65 
"efter one week 
Solubility ; In water and alechol: insoluble 1 
In dil, HCI: soluble 
In avetic acid: slightly soluble 
Health Hazard: A cumulative poison, On ingestion or inhalation it produces | 12, 17V8 
anemia of the kidneys, liver, gonads, nervoua systera, hicod vessels, and 
other tissues. 
M.A.C., mg./m.: 0.2 25 
0.15 14 
Safety Classifications: 
SM: Class 2 when not packed or stored in original containers or equivalent. 
oi oxidizing material ; | 


17 


Additions] References: | 

1} “The Thermal Decompasition of Lead Dioxide in Air,” G. Butier and 
Jd. Copp, J. Chem. See., 725 (1956) 

2) “Structure end Equilibria of Lead Uxides.” Jee C.A. 42, 6689 (1948) 

3) “The Electrical Conductivity ard Some Other Properties of Reguline 
Lead Peroxide,” W. Paimaer, Z. Elektrochem 29, 415 (1928); C.A. 18, 
616 (1924) | 

4) “A New Oxide of Lead,” C. Kelterman end P. Lafitte, Compt. renu., 
204, 818 (4927) ;C.A.31. 5702 (1937) 

5) U.A. 52, 6998 (1968) 
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LEAD SESQUIGOXIDE 


(Leed (20D) Oxide, Lead CI, FV) Oxide, Lead Trioxide 
Plumbous Pluambate. Di-lead Triaxide) 
Formula: Pb.0; 


Pb,O, is generally considered to be lead metaplumbate (PbO-PbQ3) or a 
compound of PbO and PbO, into which it is decomposed 1.y acids. 


Percent Oxygen: 10.38 

“pecification Ne.: none 

Molecular Weight: 40c.4? 

Crysteline Form: monoclinie or amorphous 
powder 

Color: yellow to reddish-ycilow 

Density: —. 

Coefficient of Thermal Expansion: — 

Heat ot Formation: —. 

Free Energy of Formatio~: ——— 

Entropy, cal./deg./moie at 298.15°K: 36.3 + 0.7 

Melting Point: deccmposes about 
643°K (370°C) © 

Heat of Fusion: —- 

Boiiing Point: —_—- 

Transition Point: see Lead Oxide (Pb30,) 

Heat of Sublimation: -— 

Heat Content or Enthalpy: -_— 

Heat Capacity, cal./deg./mole at 298°K: (solid) 25.74 


Decomposition Temperature: At 360-415°C it forms red lead with loss of OQ. 
At red heat yields PbO +- O. 


Decomyosition Products: Converted in air at 370°C te PbsQ,. 


Vapor Pressure: oe 
X-Ray Crystallographic Date: 
Space Molecules/ 
System Group a b c Axtal Angle Unit Cell 
monoclinic Cy,” 7.050 5.616 3.865 B == 80°6' 2 
Hygroscopicity : eens 


Solubility Data: Insoluble in cold water, decomposes in hot. Decom:peszd oy 
conc, HCl or H,SO, with the liberation of Cl or O respectively. 
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Refs. 
1, 5¢ 


o2V7 


Addnl. Ref. 1 
i 


4, Addni. 
Ref. 1 


54V7 


29 


29 


Lead Sesquioxide (page 5) 
“*aalth Hazerd: A curnulative poison when ingeated, inhaled, or absorbed. 


MLALC., mg./m.3; 0.2 


Safety Classifications : 
OSM: Not listed. Probably class 2 when not packed or stcred in original 


shippin; container or equivalert. 


12 
25 


! 
t 
H 
t 
4 
a 
} 


Ice: not listed 
Fire and Explosion Hazard: — 
Clectrostatic Sensitivity: . —— 
as an oxidizing sgent 


Use in Pyrotechnivs: 


Additiona! References: 
1) “Low Temperature Heat Capacities and Entropies at 298.15°K of Lead 


Sesquioxide and Red and Yellow Lead Monoxide,” E. G, King, J. Am. 
Chem. Suc. 80, 2400 (1958) 
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(Bung Oil, Bung Hole Oi}, Linum Usitatissimum) 


16, 29, 57 


Linseed oil is obtained by preasing the seeds of the flax plant. The com- 
Addal. Pf. 2 


LINSEED OIL Refs. 
mercial oii is hot pressed. When fresh, the oil is yellowish with a peculiar odor 
and a bland taste; however, the hot pressed oi] has a bitter taste. On exposure 
to the air, the oil slowly oxidizes, becoming darker, mare viscous and acqnires 
a stronger taste and odor. Boiled linseed oil is prepared by heating with metallic 
oxides, usually of lead or manganese (called driers). Such oil is -allee bung oil 
or bun~ hole oil. The state law of Ohio define? jinseed oi: as prepared pure 
i linseed oil heated to a temperature of 225°F, incorporating not more than 4% 
, by weight of drier, and with a specific gravity st 60°F of not less than 0.936 
‘ and not greater than 0.945. Vhe oil dries in air with a glassy aypearcnce and 
' makes a hard yellowish film, The oxidized elastic solid is known as linoxyn. | 
i Linseed oil is a mixture of glycerides of higher fatty acids, both saturated | 
} and unsaturated. Of these linoleic acid is about 48% and linolenic acid # our 
: 84%. Glycerides of stearic, palmitic, and myristic acids are also present, Addnl. | 
‘ Ref. 8 gives the following fatty acid analysis: 0.2 my~.stic, 5.4 palmitic, 3.5 
stearic, 0.6 arachidic, 9.6 oleic, 42.6 linoleic, 38.1 linol-nic. 
t 


; Specification (for boiled linseed oil) : Ti 0-364 
(for raw liaseed oil) : TT-O0-S69 
| Density, 2./ml.: 0.980--0.988 
: Solidification Point, °C: -19+9 -27 
Boiling Point: 616°K (843°C) 
588.7°K (215.6°C) 
(800°F) 
: Decomposition Temperature and Products: —- 
Hygroscopicity : nonhygrosccvic 

Solubility Data: 
: in alcohol: slightiy soluble 

With chloroform, ether, petroleum ether, CS., 

and o!] of turpentine: miscible 

Health Hazards: Slight. Boiled linseed oi! contains a smal! amount of manganese 

: dioxide. Because of this, if it is splashed in the eyes, it will cause extreme 
i irritation. When handling keep linseed oi! sway from fire er open flame. 

Store it in a sealed container and away from oxidizing agents. If linseed , 
{ oil has been splashed into the eyes, wash the eyes in a solution of one part 
vinegar and four parts water hy volume. Send the victim to a physician 
i for examination and additional treatment. 
: Safety Classifications: 
‘ OSM: Not classified, but lated as a damnable liquid. 
[ ICC: not listed 
j Fire end Explusion Hazard: Flamraable and can ignite spontaneously. To fight | 26, 67, 76 

tire use foam, COg, ¢ry chemical, or CCl,. 


j 
{ 
he Electrostatic Sensitivity : et 
‘ 
t 
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Linseed Oi] (page 2) 
Constarts for Linseed Oil (raw): 


Maumené uumber : 103-126 
Acid value: 1-3.5 
Refractive index, Nz : 14737-14502 
Reichert-Meiss! number: 0.95 
FTasaponiiied matter: 0.4-1.2 
Saponificatica value: 188-195 
Todine value: 175-202 
Hehner’s nunber: 94.5--95.5 
Flach Point (closed cup) °F (literat : e references “ary) . 
(raw) from «! ! to 468 
(ooiled) from 878 to 402 


Autoignition Temperature, °F: 

Literature re.” -unices give values ranving frev: 650 to 820. 

Use in Pyrotechnics: as a binder, a retardant, 
and io reduce 
hygroscopicity 

Additiona! References: 

1)“The Chemical Constitution of ‘tatural Fats,” '™ P. Hilditch, Londen 
(1956) 
2) nh aaa Fats and Oils,” D. W. Fekey, P-‘nhe!a Pub. Corn... ifew York 


$) “Fats anu Oils,” H. G. K°::chenbauer, Reinhold Publishing Co., New 
York. (1944) 
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LITHIUM, Li Refs. 


i Specification No.: —— 

' Molecular Weight: 6.340 

Crystalline Form: cubic 1 

\ Color: silvery white, yellows on 29 

' exposure to moist air 

; Density, g./mi.: (solid) 0.584 1 

; Coefficient: of Thermal Expansion, iinear, 0-95°C: 56> 10% 27 

i cubic, 0-178°C: 170 x 10° 

: Heat of Formation, Kceal./mole at 298°K: (gas) 37.07 1,5 

é Free Energy of Formation, Kcal./mole at 298°K : (gas} 29.19 1,5 

t Entropy, cal./deg./mole at 298°K: (gas) 33.14 1,5 

t See Tables a, b. and c 

Meiting Point: 726.8°K (453.70°C) 4,5 

he Heat of Fusion, cal./mole: 722.8 5 

} Boiling Point: 1604°K (51°C) 5 

y Heat of Vaporization, cal./mole: 32,199 5 

Transition Point: (c) Il—+ I'77°K (-196°C) | 5,41 

PA, Heat of Sublimation, cal./mole at 298°K: (monatomic gas) 38,440 

a (diatomic gas) 50,470 | 5 

i Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1092 

: (diatomic gas) 2312 5 

! See Tables a, b, and c 

a. HEAT CONTENT AND ENTROPY OF Li (c, 1) 4 

\ (Base, crystals at 298.15°K) 

T, °K Hr—-Hoes1s = Sr-Sate.is T,°K Hr-Have1s Sr—Saos.ts 

i cal./mole cal./deg. cal./mole cal./deg. 

; mole mole 

850 ..... 315 0.97 | 90 ..... 4845 9.08 

i 400 ..... 680 182 | 000 ..... 5585 9.80 

1 453.7 (c) .. 1000 268 | 1100 ..... 6225 10.46 

! 458.7 (1) .. 1715 426 | 1200 ..... 6910 11.06 

| 500 ..... 2050 496 |! 1300 ..... 7595 11.61 
600 ..... 2765 626 | 1400 ..... 8280 12.12 
700 ..... 3466 7.34 1500 ..... 8960 12.58 
800 ..... 4155 8.27 1600 ..... 9845 13.03 


Li (c) : 
Erthalpy : Hy ~ Hyss.1s= 1.64T + 5.55 x 10°T? - 0.84 x 10°T?- 701 (0.1 percent ; 298-453.7°K ) 
Heat Capacity: C, = 1.64 + 11.10 x 10°T + 0.84 «x 10°T *; A Hoss.y (fusion) == 715 
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Lithtum, Li (page 2) | a. 
' i 
Li (1): 4 a 
Enthalpy: H:— Hyeo.15 == 6.78T -— 0.99 « 10°T-! — 1148 (0.1 percent; 463.7 -- 1600°X) 
Heat Capacity : C, —= 6.78 -- 0.99 « 10°T-# ' 
b. HEAT CONTENT AND ENTROPY OF Li (g}~ i 
(Base, ideal gas et 298.15°K) j 
T, °K Hy — Hoea.is Sr -Seee.u Hy — Haos.15 Sr — S2os.15 i 
cal./mole cal./deg. cal./mole cal./deg, i 
mole mole : 
400 ..... £=%SOR $146 #+=x-| 1900 ..... 9.20 
500 ..... #44005 |. 257 °+2| 2000 ..... 9.46 3 
om ..... «661500 i (i 4B Cf sR Ls 9.94 ‘ 
wo ..... «©=63995 i (is AC 2400 10.37 : 
800 ..... d 90 | 2600 ..... 10.78 } 
900 ..... 299 548 | 2800..... i 11,16 3 
1000 ..... $490 | 601 #=%| 8000 ..... 11.51 ; 
1100 ..... $8985 $649 j 8500 ..... 12.33 : 
1200 ..... 92 | 4000 ..... 18.08 : 
300 ..... .4986 | | #$$%782 | 4500 ..... 18.80 
1400 ..... %S475 | jj 769 #+«x:| 5OOO ..... 14.49 
1600 ..... #+»|%j'975 808 | 6000 ..... 15.90 : 
100 ..... 8 8=(8470 = 2s - 85 COT:sC 7000 —=di«w iw wig 17.46 
ie 1700 ..... 6985 | 805 | S800 ..... 19.28 
eer ; 1800... .. af It 
ae “oka Li (g): 
Aes Exthalpy: Hy— Hoes, is = 4.97'1' - 1482 (0.2 percent: 298-3000°K) 
¥ ead ce. HEAT CONTENT AND ENTROPY OF Li; (g) : : 
pee : (Base, ideal gas at 298.15°K ; rucl. wt., 18.88) { 
T, °K Hy hs Have .1s St oa cogs.15 T, °K Hy a Hisos.15 Sy = Saes.is 
cal./mole cal./deg. cal./mole cal./deg. 
mole mule 
400 ..... 890 2.59 9115 13.30 
BOO! ee os 1780 4567 | 1400 ..... 10,050 14.00 
e 600 ..... 2675 620 | 18500 ..... 10,985 14.64 
TOO 2.1... 3580 761 | 1600 ..... 12,925 15.25 
Me ' :.O0, | 4490 881 | 1700 ..... 12.865 15.82 
j GOO ..... 5410 9.96 1800 ..... 13.816 16.36 
WOO 2.2... 6330 10.87 ISCO ose ec 14,776 16.88 i 
100 ..... 7250 134.74 2000 . 2... 15,725 17.87 
: 1200 ..... 8180 12.65 j 
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Lithium, Li (page 3) 


Li, (g): 
Enthalpy : He~ Hags.15 == 8.98T -+- 0.16 < 10°F? + 0.388 ~ 10°T 4 -— 2797 
(0.1 percent ; 298-2000°K) 


Heat Capacity: C,— 8.98 + 0.82 x 10*T-- 0.36 x 10°T 


Heat Capacity, cal./deg./mole at 298°K: (solid) 6.91 a) 


(ges, monatoinic) 4.37 
(gas, diatomic) 8.62 


a, HEAT CAPACITY OF Li 5 
Solid 298-458.7°K 
Liquid 458.7-1604°K } 
Gas (mon.) 1604~-2000°K 
T, °K Ce (cal./deg./moie) 
298 5.91 
400 6.50 
500 7.20 
600 7.06 
900 6.90 
1200 6.87 
1600 6.80 
1700 4.97 
2000 4.9% 
2490 5.08 
2800 5.18 | 
8000 5.21 
Decomposition Temperature: aa | 
Decomposition Products: paantes 
‘'apor Pressure 
Press.mm. 1 10 40 190 406 700 MP. [3 


Temp.°C 728 S88 1008 1097 1278 it? 186 
X-Ray Crystallographic Data: 


It 
System Space Group a Atoms/Untt Celi | 
cubic 10}, 3.502 2 
Hygroscopicity: Reacts with water; forms LiOH, evolves Hg. | 
Solubility Data: In water: forms LiOH, evolves Hy 
Tn alcohol: decomposes | 1 
in av'ds: soluble, reacts and 
evolves H, 
In liquid NH;: soluble 
Health Hazard: Will burn i: contact with many subsiances, producing a caustic 


amoke which is toxic by inhalation. Dangerous when ingested or inhaled, 
and produces painful burnc wher in contact with the skin. 


11% 


2, 1a 
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Lithlum, Li Upage 4) 


Safety Claszifications: 
QSM: Mot specificaliy listed: probably cless 2 aa 2 powdered metal. 
ce: sree solid, yellow 
al 


Fire and Explosion Hazard: Dangerous ex vlosive hazard when exposed to | 14,12, 16 

heat, flame, or by chemical reaction with water, acids or oxidizers. On 
burning, it emits toxic fumes of LizG and LIOH. Iv burns in air with a 
dazzling sright light. Keep the metal submerged in kerosene. Store ard 
process only in rooms or buildings adequately vented at the highest point 
to prevent the accumulation of hydrogen gas which results from the reac- 
tien with moisture. Suitable respiravory protective equipment aud self- 
contained breathing apparatuz should be used where permisaible concen- 
trations are likely to be exceeded. To fight fire, use speciai mixtures of dry 
chernicals, soda ash, or graphite. 


Autoignition Temperature, °F: 392 12 
Electrostatic Sensitivity : ——- 
Use in Pyrotechnics: Burns with a brilliant crimson to carmine-red color. 1,29 


LITHIUM NITRATE, LiNO, Refs. 


Percent Oxygen: 69.62 
Specification No.: —_—— 
Molecular Weight: 68.95 
Crystalline Form: trigonal 1 
Color: colorless 
Density, g./m!.: (solid) 2.38 1 
(liquid) d = 1.924 - .548 x 10°°t°C (M.P. to 550°C) 40V2 
Coefficient of Thermal Expansion, at 254°C 
(molten) cubic: about 3.15 « 10¢ 44V20 
Heat of Formation, Keal./mole at 298°K:: (c)~115.28 1,9 
Free Energy of Formation, ecal./mole at 298.16°K: -96.63 86 
Entropy, cal./deg./mole at 298.16°K : 38.4 86 
See tabie below } 
Melting Point: 525°K (252°C) 4 
Heat of Fusion, cal./mole. 6120 4 
Boiling Point: decomposes 
Transition Point: — 
Heat of Sublimation: sks 
HE..T CONTENT AND ENTROPY OF LiNO; (c, 1) 4 
(Base, crystals at 298.15°K) 
T, °K Hy ~ Hapa .is Sr ~ S2os.15 | T, “K Hy — Haps.t5 Sz — Sro0.18 
cal./mole cal./deg. cai./maie cal./deg. : 
mole mole : 
350 . 2... 1180 3.50 525 (c; ... 5380 13.29 
400 .. 2... 2280 6.5% 525 Gd) ... 11,500 24.95 
ABO 2 3480 9.39 550 .. 0... 12,160 26.18 
600 ....., 4730 12.08 600 ..... 13,490 28.49 


LiNOs (c) : 
-Enthaipy : He - Hoos.15 2 14.98T + 19.60 x 10°T? - 5409 (0.1 percent; 208-526°K) 


LiNO; (!): 
Enthalpy : Hy — Haos.15 = 26.60T — 2470 (0.4 percent ; 525-600°K) 
Heat Capacity, cal./deg./mole: Qiquid) 26.60 4 
Decomposition Temperature und Products: When heated, gives off oxygen then 
arixture of exyren and nitrogen, 
For DTA and TGA see Refs. 33, 47 
Vapor Pressure —— 


54V2 
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Lithium Nitrate, LINO, (page 2) 
X-Ray Crystallographic Data: 


System Space Group a Axiai Angle Moleculze/Unit Cell 
hexagonal Ds, 5.74 a= 48°93’ 2 
Solubility : 
” In water (g./100 jal.) : 52 cold, 66 at 71°C 
In acetic acid: slightly soluble 


Hygroscopicity: Deliquescent. Caution: Keep in closed containers. 
Health Hazard: Large amounts taken by mouth may be fatal. 
Safety Classifications : 
OSM: Class 1. Class 2 when not. packed or stored in original shipping con- 
tainors or equivalent. 
Icc: oxidizing material 


Fire and Explosion Hazard: A vigorcus oxidixing agent. May explode when 
hected with a fuel, or when exposed to heat or by shock. On decomposition 
it emits toxic fumes. 

Electrostatic Sensitivity : —. 

Use in Pyrotech ics: as an oxidizer ; to color 

burning compositions 
red 
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LITHIUM PERCHLORATE, LiCiO, 


Percent Oxygen: 60.15 
Specification No.: none 
Molecular Weight: 306.40 
Crystalline Form: no regular form 
recognizable 
Color: colorless 
Density, g./mi.: (solid) 2.429 
Coefficient of Thermal Expansion : — 
Heat uf Formation, Keal./mole at 298°K : -91.77 
Free Energy of Formation: —_ 
Entropy : 
Melting Point: 509°K (236°C) 
520°K (247°C) 
Values vary from < 306 to 410°C, with decomposition. 
Boiling Point: decomposes at 
653°K (380°C) 
Transition Point: —— 
Heat of Sublimation: _ -—— 
‘Heat Content or Enthalpy: —_— 
Heat Capacity: — 
Decomposition Temperature, °C: 380 
For DVA and TGA see Refs. 33, 47 
Decomposizion Products: LiCl + 02 


Decomposition: Does not begin to show an appreciable decomposition rate until 
the ternperature is raised to over 400°C. 
There is an endothermic bree k at 610°C, corresponding closely to the melt- 
ing point of LiGl (614°C), At about 4dcucC LiClO, begins to undergo 
appreciabie ioss. The temperatere interva: between salt fusion and onset 
of rapid decompositin. is from 247 to about 502°C, or approximately a 
range of 255°C: 

15C:0,° 120 loses H.C at 146°C 

The pure anhydrous salt can be heated to at Jeast 300°C without decompo- 
sition, but ordinary samples decompcse at lower temperatures to chloride 
and oxygen cwing to the catalytic effect of dust and atmospheric impurities. 


Vapor Pressure: ek 
X-Ray Crystallographic Data for LiClO,-3H.0: 


System Space Group a c 
bexagonal ch 1.71 5.42 
Hygroscovicity : deliquescent 
Sclubility Data: In water (g./100 ¢.): 59.7 at 25°C 
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Lithium Perchlorate, LICIO, (page 2) 


: 
| 


Solubility in Nonaqueous Solvents at 25°C 85, 72, 77 
Solvent g./100 g. of Ss-vent 
} acetone 136.5 
rk ethyl acetate 95.2 
ethyl ether 113.7 
i methy] alcohol 182 
| ethyl alcohol 151.8 
t Health Hazard: May irritate the skin and mucous membranes. Lithium salts | 29, 65 
are rau moderately toxic. They affect the nervous systems, and can cause 
eath. 
Safety Classifications: 
OSM: Ciass 1. Class 2 when ..ot stored in origina) shipping containers or 
equivalent. 
{ Icc: Oxidizing materisi; yellow label. Classed under “Explosives and 
Other Dangerous Articles.” 


Fire and Explosion Hazard: A powerful oxidizer, can cause fires by chemical | 12 , 
reaction, and forms explosive mixtures with carbonaceous materials or 
finely divided metals, sulphur, powdered mag.esium or aluminum. Explodes 
on shock or by chemical! reaction. 


Electroatstie Sensitivity : peers 


Use in Pyrotechnics: as an oxidizer; to color 
burning compositions red 


Additional References: 
1} “The Differential Thermal Analysis of Perchlorates. 11. The System 
LiClO, - LiCO,,” M. M. Markowitz, J. Phys. Chem. 62, 827 (1958) 


2) “Precise Studies of the Crysta! Structures of Lithium Perchlorate Tri- 
hydrate, Anhydrous Lithium Perchlorate, and Potassium Perchlorate,” 
R. J. Prosen and K. N. Trueblood, Perchlcrates TN-2, OSR TN 56-563, 
ASTIA Document No. AD110- 384 (1956) 
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LUPERSOL., DDM Refs. 


Lupersol DDM is a proprietary mixture of 66% methylethylketoue 
peroxide in dibutylphthalate, marketed by the Lucidol Div., Wallace and Tiernan, 
Inc., Buffalo, New York. The following dat. . except where otherwise indicated, 
are frora the Lucidol Div., Wallace and fiernan. 


The structure of methylethylketone peroxide is: Addnl. Ref. 2 
CH, CH, CHs Cd, 


Bee $00 or HsGr£-0-0-4 as 


H ¢ bon b 0-H 
The market product has ee 11% active oxyger. 
Stability: Lupersol loses about 7% of its perexide content after 12 months of | Addnl. Ref. 1 
storage at ambient temperatures (20-80°F). 


DECOMPOSITION KINETICS | Addnl. Ref. 2 
- ‘Active Conc. g. moles Temp. "Half Life First Order E (Activation | 
% peroxide (-0-0-)/l. °C t%inhrs. Ratek./hr. Energy} 
Keal./mole 
“Hh 02 85 B12 0.00854 
at start 100 16.2 0.0428 
115 3.6 0.193 28.5 
145 0.25 2.97 


DECOMPOSITION TEMPERATURES IN BENZENES AT Adanl. Ref. 2 
SELECTED HALF LIFE VALUES 


Time 1 min. ~~ 10 hrs. 100 hrs. 
__Temp.C° Cc 182 105 88 
Solubility Dsia: Soludle in most synthetic resin monomers. 


Health Hazard: Highly toxic by ingestion. 12 
: Safety Classifications: 
‘ OSM: Not specifically listed but peroxides are in class 1 when stored in | 
; original shipping containers, and in class 2 when not in original 
i shipping containers or the equivalent. 
ICC: Not specifically listed, but organic peroxides not otherwise spe i- 
fied are classed as flammable liquids and as oxidizing materials 
under “Explosives and Other Dangerous Articles.” 


Fire and Explosion Hazard: Methylethylketone peroxide alone is shock sensi- ; 12, Addnl. 
tive. To reduce the seiisitivity to shock, it is diluted with dibuty!phthalate Ref. 3 
and .s then acceptable for shipment. The peroxide may exist in several 
different structures, some of which are extremeiy shock sensitive even in 
60% soluticn. The solution may thus be a harard, Lupersol DDM will de- 
compose rapidly at 125°C. The solution has a fits.. point (open cup) above 
car 45°C and burns hke gasoline when ignited. Lupersc] DDM is widely used 


Lupersol DOM (page 2) 


as a room temperature catalyst with cobalt naphthenate or similar metalle 
drier as the accereravor, Mixtures of the pe oxide and accelerator will de- 
compose explosively and the two should not be brouyht into direct contact. 
As a powerful oxidizing agent, the peroxide can react vigorously with 
reducing materials. 

Storage Preeautions: Store in an isclated building with no other upe 
of material. Buildings containing the peroxide should be posted “Flam- 
mable Storage-—hKeep Fire Away.” 

Disposal of Lupersol DDM: Burning, the preferred method, or chemical nydre 
lysis. 
Burning Method: Pour material to be destroved into shallow trench. Ignite 
with a wadded gasoline soaked rag tied to the end of a 6-ft, stecl rod. Boiling 
will he rapid but not violent. 
Chemical Hydrolysis Method: Slowly add peroxide solution to 10 times 
its weight of 206 NaOH solution with constant stirring. The reaction is 
exothermic. Decomposition shall be complete in 24 hours, and is confirmed 
when an acidified sample of the alkaline reaction mixture does not liberate 
iodine from an acetone solution of Nal. 


Electrostatic Sensitivity : —- 
Use in Pyrotechnics: Usually with cobalt naphthenate (g.v.) to cure Laminac 
4116 (see PA-PD-594). 


Addni Ref. 3 


Additional References : 

3) Chem. Bug. News (Dec. 7, 1959) (Wallace and Tiernan advertisement). 

2} “The Evaluation of Organic Peroxides on the Basis of Half Life Data,” | 
D. Doehnert and QO. Mageli, Modern Plastics 36, 142 (1959) | 

3) “The Use of Organic Peroxides,” C. H. Rybclt, paper presented t the 
1ith meeting of The Reinforced Plastics Division, S.P.1., Atlantic City, 
New Jersey (1956) 

4) For use with Laminac 4116, see Ref. 73 
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MAGNESHUM, Me | Refs. 
Specification No. : JAN-M-382 | 

The specification covers three types. Types Land J! must be manufactured | 

by grinding, stamping, turning, or any combination . these methods which ; 

will yield a suitabic product. Type 1) must be manufactured by the atomiz- 

ing process, Type fis divided into two grades which differ in purity, Type 

1, grade A, and types 1 and Hil all have the same purity requirements. 

Grade B is ordinarily manufactured from serap. 


Molecular Weight: 24.32 
Orystailine Form: hexagonal 1 
Color: silvery white 1 
Density, ¢./ml.: 174 | 1 
Cosficient of Therma! Expansion at ZG-160°C: Zo x 10> { 1 
Temp. °C Coeff. i 
~188 to +15 21.40 ~ 106 { 
20-200 27.9 x 10¢ ' 
20-600 23.8 %« LO" 
Heat of Formation, Keal./moije at 298°K : (gas) -38.6 5 
Free Energy of Formation, Keal./mole at 298°K : (gas} —27.341 15 
Entropy, cal./deg./mole at 298°K: fe} T.3t | 
(gas) 35.51 15 
See Tables a and b | 5 
Melting Point: $23°K (6HC°C:} 5,7 
Heat of Fusion, cal./mole: 2140 4,5 
Goiling Point. ‘\. 1290°K (1217°C) | a) 
Heat of Vaporization, cal./mole: 30,750 5 
Transition Point. ——- 
Heat of Sublimation, cai./mole at 298°K : 35,660 5 ae 
Heat Content or Einthalny, cal./mole at 298°K : 1195 5 Ee 
a. HEAT CONTENT AND ENTROPY OF Mg (c, 1) Af . 
(Base, ideal gas at 298.15°K) by 
T, oK ‘ Hy a Hage. Sr ar Soo9.15 Hr nx Hoog.ts Sr = Szos.15 
cal./mole cal./deg. cal./mole cal./deg. 
mole mole = 
400 .... 615 1.78 6416 9.56 
500 ..... 1255 3.20 7020 10.48 
600 ..... 1920 4.41 7800 11.23 
100 © eee 2610 5.48 { 8580 11.91 
800 ..... 3330 6.44 9360 12.53 
900 ..... 4095 7.34 ‘ 10,140 13.11 
923 (c)... 4275 Ge al os ss ae oy SO Se ee —_ 
Mg (c): 
Enthalpy : Hy ~ Haos.1, = 4.97T + 1.52 & 10 8T?- 0.04 » 10°T-! - 1604 (0.2 percent ; 298-923°K } 
: Heat Capacity : C, = 4.97 + 3.04 x 10°T +. 0.04 « 10°T 2 
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Magnesium, My (pare 2) 


Mg il): 
Ainthalpy : Hy —- Heos.is =: 7. 80T — 780 (0.4 peecent ; 923--1400°RK 3 


b. HEAT CONTENT AND ENTROPY OF Meg (gas) 4 
(Rase, ideal gas ai 298.15°K) | 


PK Nice Hewes, = Se = Savin, | TT, °K Hpac. Ses Bank 
cal./mole cal./deg. cal./mole cal./deg. 
mole | mole 
“400.2... 505 146 | 1900 ..... 7960 9.20 
506 2... 1005 2.57 2000 . 2... 8455 9,46 
600 ..... 1500 3.46 ( 2200 ,.... 9450 9.93 
700 199° 4,24 | 2405 10,445 10.36 
R00 . 2... 2495 4.30 2600 ..... 11,440 10.76 
£00 2930 5.49 ZEOO: Ves es 12,440 11.18 
1000 ..... 3490 6.01 3000 ..... 13,440 11.48 
11090 3985 6.49 3500 ..... 15,980 12.26 
1200 . 2... AARO 6.92 4000 2... 18,6106 12.96 
1300 1.1)! 4980 732 | 4500 11.2! 21/400 13.62 
1400 ..... 5475 7.69 5000 ..... 24,410 14,25 
1506 ..... 5970 8.03 | 600° . 2... 31,355 15.52 
1600 . 2... 6470 8.39 TOOV ..... 39,955 16.84 
i706 ..... 6965 8.65 8000 59,805 18.28 
W800 ww wk 7465 8.93 
Mg (g): | 
Enthalpy : H--— Hyoa 1s = 4.97T - 1482 (0.2 percent ; 298-3500°K) 
Heat Capacity, cui/deg./mole at 298°K: (solid) 5.96 4,5 
(liquid) 7.86 
(gas) 4.97 
c. HEAT CAPACITY OF Mg 5 
Solid 298-923°K 
Liquid 5Z3-1290°K 
Gas (mon) 1390-3000°K 
~T, OK C° (cal./deg./mole) 
298 5.96 H 
400 6.24 
600 6.76 
806 7.42 
900 7.81 . 
1000 7.88 
1100 8.14 
1200 8.40 . 
1300 8.66 
~~~ 1400 to 
2400 4.97 
2500 4.98 


3000 5.02 


aes 


pe 


Magnesium, Me (page 3) 


Recumposition "Temperatuce and Products: 
For ‘PGA see Addnl. Ref. 7 
For TGA and DTA see also Ref, 33 
Vapor Pressure: 


_ mm i” 0 400 «100—”—«‘“a:t*CTHOCi«iaMPz 
Temp. °C CRI 743 838. 909 1084 7 1107 RL 


X- Ray Crystallogr aphic Data: 


System Space Group fa c Atoms/Unii Cell 
hexagonal D4, 3.203 5.196 2 
Hygroscopicity : slowly oxidizes in moist air | 29, 33, 50 

Renee Poneto om a edna eee za = =e { 
Grade B LR. H. at ‘10°F ‘Pine of bh “xposure, hrs. _f Gain i in weight, aan 
material 50 216 0.06 
(see Spec. 70 216 0.22 
grades) 90) _168 0.62 


Solubility Data: Tasoiubie’ m cola intake i slightly soluble in hot; decomposing 
to Mg (OH)>. Soluble in mineral acids (except CrO;), cone. HY, NH, salts. 
Insoluble in alkalies, Reacts readily with dilute acids with evolution of 
hydrogen. 


Heaith Hazard: Slightly to moderately toxic. Particles which perforate the skin 
may produce severe local tumors characterized by the formation of pockets 
of gas and acute inflammatory reaction, frequently with necrosis (chemical 
rane gangrene). Inhalation of fumes or dust may irritate the respiratory 

ract. 


M.A.C.: 10 pts. per million in air and 15 1ag./m.? of fumes as MgO, 
Safety Classifications: 


OSM: Class 1; class 2 
equivalent. 


ICC: Magnesium scrap (shavings, borings or turnings) is classed as a 
flammable solic ; yellow label. 


Fire and Explosion Hazard: Contact with water may cause ignition of pow- 
dered magnesium evolution of hydrogen, and explosion. Dangerous in the 
form of dust or flakes when exposed to flame or by chemical action with an 
oxidizing agent. Finely divided magnesium can be ignited by a spark or 
match fiame. Highly explosive. Caution: water, COz, or carbon tetrachlor- 
ide should not be used on magnesium fires. Use G-1 powder or powdered 
tale on open fires and boron trichloride on oven fires. 


Store and process only in rooms or buildings adequately vented at the high- 
est point to prevent the accumulation of hydrogen gas which results from 
the reaction of powdered metal and moisture. In the repair and maintenance 
of buildings or equipment, powder or dust should be removed and non- 
sparking tools used. 


Z when not stored in origina! shipping containers or 
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1.29 


93, 12, 25, 29 
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| 12, 14, 49,51 


14 


Moagruenicm, My (page 1) 


Electrostatic Sensitivity: Minimum energy required for tguition of powder by 
electrte sparks (millijoules) : 


Type Dust Layer Cloue? Layer 
atomized 126 40 
mulled AO 8 
stamped 20 1 


Can be ignited by a spark in an atmosphere of CO, or in air-nitrogen mix- 
tures with not less than 5¢ oxygen. To avoid ignition process in helium. 
Ignition Temperatures of Magnesium Powders, °C: 


Type Dust Cloud Dust Layer 
atomized 600 490 
millect 540 475 
stamped 520 480 
Minimum Explosive Concentration, mg./i.: (atomized) 10 


(milled) 20 
(stamped) 20 
Use in Pyrotechnics: As a fuel, and in tracer, igniter, signal flare, and pyro- 
technie compcsitions. 


Additional References: 


1) “The Kinetics of Underwater Corrosion of Powdered Magnesium,” E. 
Freeman and 8. Gordon, J. Phys. Chem. 50, 1@09 (1955) 


2) “Magnesium and Its Alloys,” C. S. Roberts, John Wiley & Sons, New 
York (1960) 


oy “National vure Cuues, voi, 1I, The crevention of Dust Explosions,” Na- 
tional Fire Protection Association, Boston, Mass. (1952) 


4) “Safety Requirements for Manufacturing and Processing Military 
Pyrotechnics,” ORDM 7-255 (1952) 


5) C.A. 37,2578 (1948) 
6) Ref. 64 
7) Combustion and Flame 3, No. 1, 3-12 (1959) 
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26, Al 


49, 51 


26, 60 


26, 50 


MAGNESEUS-ALUOMINIEM ARROY Refs, 
(Magiualinin ) 
Specification No.: JAN-M. 454 
The specification covers lwo types, A and B, which differ in granulation | Spec. 
(B is coarser): A> 46/50 Mg/AL approx. 53.3 atom % Mg. 
GB. 35/35 My/Al, approx. 67.0 stom G Mg. 
Molecular Weight. parce 
Color and Form: silvery metai 
Density, g./ml.: ischd) type A, about 2.142 
type B, about 2.015 


Calculated on the basis of datain Addn Ref.3 


Crefiicient of Therinal Expansion: type A, approx. 29.2 « 106 
type B, approx. 28.7 « 10° 


By interpolation from Addnl. Ref. 2 


Heat of Formation, cal./mole at 298°K: type A, -1027 24 
Boiling Point: Decreases with increasing Mg content. 44835 
____Wt%Mg 20 =40—— D— “$e BD 
B.P. °C 1300 1200 1150 1115 


Vapor Pressure: See Addnl. Refs. 2 and 4 
X-Ray Crystaliographic Data: 


a Atoms/Unit Cell 
type A about 10.46 about 58 
type B about 10.57 about 58 


By interpolation and extropolation of data in Addnl. Ref. 3 
Hyverocennicity: Cumulative increase in weight after ctrrage- 


over water for 29 days over H,SO, for 29 days 2daysin oven at 105°C 51 
4.1% 


6.3% 4.3% 
Solubility Data: see Magnesium and 
Aluminum 
Health Hazard: no known toxicity 50V8 


Safety Classifications: 


OSM: No classification given. Since Al and Mg powders are in class 1, 
powdered Mg/AI alloy is probably similarly classified. 

ICC: No classification given. However, since powdered metallic magne- 
siura is classified under “Explosives and Other Dangerous Articles,” 
the alloy wouid be similarly classified as a flammabie solid requiring 
a yellow label. 


Fire and Explosion Hazard: Prevent water from contacting the powdered | 14 
material. Store and process only in rooms or buildings adequately vented 
at the highest point to prevent the accumulation of hydrogen gas which 
results from the reaction of powdered metal and moisture. Powdered 
Mg/Al alloy mixed with oxidizing agents is a dangerous fire and explosion 
hazard. Powdered metal exposed to the air is a dangerous fire hazard, and 
when ignited burns with intense heat. In the repair or maintenance of 
buildings or equipment, powder or dust should be removed and nonspark- 
ing tools used. 
Minimum Explosive Concentration of type A Mg/Al powder is 50 mg./J. } 26 
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Magnesium. Alemintion Conagnaliaa) (pags 2) 


Kiectrostatic Sensitivity: Minimum energy required for ip.ition of powder by 


electric sparks, millijoutes ; (dust cloud) 80 26, 50 
(dust layer} 20 
ignition Temperature, °C of type A alloy: (dust cloud) 535 26, 50 
(dust layer) 46 
Use in Pyrotechnics : as fuels 


Additional References: 
1) “Magnesium and }ts Alloys,” oy C.S. Reberts, John Wiley & Sons, New 
York (1540) 
2) “The Physical Metallurgy of Magnesium and its Alloys,” G. V. Rayuor, 
Pergamon Press, New York (1959). Contains a good phase diagram 
of the system My Ai, plusa discussion, 
3) “Handbook of Lattice Spacings and Structur*s of Metals,” W. B. Pear. 


son, Pergamon Press, New York (1958) j 
d) A. Schneider and ©. BK. Strott, Z. Electrochem. 47, 519 ' 941) | 
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MAGNESIUM CARBONATE, Med), 


Specification No.: 
Molecular Weight: 
Crystalline Form: 
Color: 
Density, p./mlL: 
Coefficient of Thermal Expansion, cubical: 
Heat of Formation, Keal./mole at 298°K: 
Free Knergy of Formation, Keal./mole at Z92°K : 
Entropy, cal./deg./moie at 298°K : 
See table below 
Melting Point: 


Heat of Fusion: 
Boiling Point: 


Transition Point: 
Heat cf Sublimation: 


MIT-M-11%61 
peers 
trigonal 
white 

(solid) 3.037 
0.5» 107 
~266 

246 

15.7 


decomposes at 
623°K. (350°C) 


Joses COz at 
LL73°K (800°C) - 


EAT CONTENT AND ENTROPY OF MgCoOs; (c) 
(Base, crystals at 298.15°K) 


Tek —“Heslingge Seo Sais 
val./mole 
400 ..... 2060 
500 .. 0... 4300 
600 ..... &790 


cal./mole 


Refs. 


1 


| 
| 


9450 
10,820 


MgCO; (c): _ 
Enthalpy : Hr — Hops.i5 == 18.62 + 6.90 X 10°°T? 4 4.16 x 1U% *-- 7540 


(0.4 percent ; 298-750°K) 


Heat Capacity : C, = 18.62 + 13.80 « 10°T - 4.16 x: 105T-? 


Heat Capacity, cal./deg./mole: 
Decomposition Temperature: 
For TGA see Addnl. Ref. 1 


(solid) 18.05 
900°C 


“Magnesite (mineral MgCO;) begins to lose CO; at 450-500°C 


Decomposition Products: 
Vapor Pressure: 


Press.atm. .0001. .0089 .0776 0.983 1.763 13.87 473.4 
843.1* 873.1% 973.1* 


Temp. °K 673.1 723.1 763.1 813.1 
~~ *ealculated from equation 
OH (T-T2) ,AH = 60.863 
log kp, — log kp. -—= —-—-——_—— 
CB OSE geaad CP Te) 
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MgO + CO; 


Si—Sasas 
cal./deg. 
mole 
19.54 
21.43 


Mognesives Uarborate. Weld), (pare 23 : 
{ 
X-Ray Srystatleyraphie Data: | 
Molecules: 
System Space Group a ria? veole Gif Cel! 
hexagonal ps, 5.64 a $8 42 Fe i 
Hyproscopivity : Bok 
Sohumiiity Data: ia water: 0106 & 100 mi. | 1,29 
More soluble in water containing CO_. 
In acids: soluble, reavts with 
evolution of CO, 
In acetone, NH, and alvohe!: insoluble | 
Health Hazard: None. Hasan antacid and laxative effect. Slight to moderate on | 29, 98 
ingestion and inhalation, | 
Safety Classifications: eee a | 
Fire and Explosion Hazard: ——— 
Flectrostatic Sensitivity: _—— 
Use in Pyrotechnics: asa retacdant 
Additional References: 


1) J. Am. Ceram. Soc. 33. 96-101 (1956) 
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Speeideation Now: MUEA A PR A 
The spec. vevers one grade of My tachi Cloeliicald, i 
Molecalar Weight: ora eee | 
Crvstattine Form: cite | : 
The spec, grade is a (lully white amorphous sawder. . 
Celor: tohor ers | 3 
Density, g/ml, : Cschtdy S58 | i : 
Coolcient ef Thermal ix pansion, Hrear, 20 o000€: Fd a! t 
20-1000°R: Hn.7 2 18 z : 
onet. Ano Tes STE : 
Thermodynamic Data for finely divided My: ; : 
See also Tables a and b i 
Heat of Formation, Keal./fvole at 298°K : 1AZ.9S i 
See ‘Tuble a [ 
Free Energy of Formation, Kcal./mole at 29%°K : E4S.34 | : 
Entropy, cal./deg./mole ar 298°K : 6.06 | i 1 
Heat Capacity cal./deg./mole at ?98°K : 1.055 | ; 
See Table b ; 
if 
a. HEAT AND FREE ENERGY OF FORMATION OF MgQ) (periclse) | 2,8 
T,°K SH (ea “mole} AR? Ceal./mate) 


298.16 .... -143, 800 ¢ +» 90) P36,080 C+ 1G) 
400 ..... ~ 143,810 134,530 
500 ..... -143, 810 130 865 
00 2... -143,810 128.270 
WO... -143,800 125,680 
800 ..... ~143,790 P2080 
906 ....., -143,770 teas OD) 
922 6,... - 143,766 119.896 
9237 aes fee -145,920 -LIE 890 
1000 2... ~145,890 117,730 
1100 ..... ~145, 840 114,030 
T2008 oc iscrl a ~ 145,750 Til, 100 
1800 2.2... --145,660 109, 360 


13938 2.2... --145 560 ~T€,690 
1393) 6. hed -177,060 -106,690 
1400 1... . ~-1797,030 - 198,340 
1500 1.2... -176,760 TOT,306 
1600 2.2... -176,380 GH MO 
1700 ~176,060 SE BOO 
1800 ..... -¥75,7410 6H 830 
1960 —175,429 RT 3870 
2000 175,160 T6100) 
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Magnesium Oxide, Mg (page 2) 


Phase Changes of Metal 
M.P., 9238°K ; 4 H == 2160 cal./g.-atom 
B.P., 1893°K ; 4 H = 31,500 cal./g.-atom 


Free Energy Equations: 


Reaction Range of Validity, °K 
1) Mg (c) + 144 02— MgO (periclase) 298.16—-923 
A Fe == 144,090- 1.06T log T— .13 (10°°T?) + .25 (10°T-*) --29.16T 
2) Mg (1) + 1% 02== MgO (periclase) 923-1393 
4 FS = -— 145,810 + 1.84T log T -.62 (10°T2) + .84 (105T-1) + 23.07T 
3) Mg (g) + 14 O2.== MgO (periclase) 1393-2000 
A F9 == ~180,700 —8.7ET log T - .62, (10°8T?) + .64 (105T*) + 65.69T 
Entropy, cal./deg./mole at 258°K: 6.4 1,9 
See Table b 
Melting Point: 31738°K (2900°C) 9 
Heat of Fusion, Kceal./mole: 18.5 9 = 
Boiling Point: 3350 + 300°K (3677°C) 8 
Heat of Vaporization: —- 
Transition Point: aaa 
Heat of Sublimation, Keal./mole at 298°K: > 149.4 64 
b. HEAT CONTENT AMD ENTRO”Y OF MgO (c) 4 
(Base, crystals at 298.15°K) 
1, 2K H,- Hooe,15 Sr —Sapa.25 T, °K Hy - Hags.15 Sr - S2o8,15 
cal./mole cal./deg. cal./mole cal./deg. 
mole mole 
400 ..... 965 2.78 | 1800 ..... 11,310 3.98 
300 2.0, 1975 5.03 1400 ..... 12,570 16.92 
600 ..... 3020 6.94 |} 1500 ..... 13,830 _ 17.79 
700 ..... 4100 8.60 1600 ..... 15,090 18.60 
800 ..... 5225 10.10 i700 ..... 16,350 © 19.36 
900 ..... 6390 11.47 1800 ..... 17,610 20.08 
1000 ..... 7580 12.73 1900 ..... 10,870 20.76 
1100 ..... 8800 13.89 2000 ..... 20,130 21.41 
1200... . 10,050 E 14.98 [ 2100 .. 2... 21,590 22.02 


MgO (c): 
Entha!py : Hy— Hoos is = 10.18T + 0.87 & 10°3T?2 + 1.48 x 10°T" - 3690 
(9.8 percent ; 298-2100°K) 
Heat Capacity: C, =: 10.18 + 1.74 x 10°T 18 x 10°T2 


Heat. Capacity, cal./deg./mole: (solid, c) & 94 9 
See equation above 
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Magnesium Oxide, MgO (page 3) 


Decomposition Temperature: The temperature re juired to complete dissucia- | 
tion has been estimated to be above that of the temperature of a 3unsen 
flame. Partial dissociation is said to take place by evaporating a mixture 
of MgO and metal. 


Decomposition Products: 


Vapor Pressure: logio Pmm, == 2.782 & 164/T + 13.18, over the 
temperature range 1800-2200°K 
X-Ray Crystallographic Data: 
System Space Group a 
cubic Of 4.212 
Hygroscopicity: Takes up moisture from the air to form Mg(OH). and CO, 
from the air to form MgCO,. 
Caution: Keep container well closed. 
See aiso Addnl. Ref. 2. 


Molecules/Unit Ce 
4 


Solubility Data: In water: .00062 in cold 
.0086 at 30°C 
Solubility in water is increased by COz. 
In acids and ammonium salts: soluble 
In alcohol: insoluble 


Health Hazard: Inhalation of freshly sublimed MgO may cause metal fume 
fever. Large doses taken as an antiacid may produce undesirable catharsis. 


M.A.C., mg./m.* for an 8-hr. day: 15 
Safety Classifications: 

OSM: not listed 

[Ox: not listed 


Fire and Explosion Hazard: — 
Electrostatic Sensitivity: —- 
Use in Pyrotechnics: MgO is the product of the burning of Mg. 


Additional References: a 


1) “Stability of Ceramic Materials,’ J. Wygant oe - Kingrey, Am. 
Ceram. Soc. Bull. $7, (7) 251 (1952) ; cited by Ref. 6 


2) ee - Sorption of Water Vapor on Magnesium pares ” R. Razouk and ; 
¥. {ot Mikhail, J. Phys. Chem. 59, 636 (1955) 


3) “On the Dissociation Energies of Strontium Oxide and Magnesium 
Oxygen Molecules,” R. Porter et al., J. Chem. Phys. 23, 1847 (1955) 
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MANGANESE, Mn 


Spec‘fication No.: 


The specification covers three grades which differ in purity and granula- 
tion. Grade I is intended for delay powder; grades If and III, for pyro- 


technics. 
Molecular Weight: 
Crystalline Form: 
Color: 
Density, g./mi.: 


Coofficient of Thermal Expansion, linear: 


Temp. (°C) Coeff. (em./em./°C) 
aphase ~190to6 15.9 x 10°¢ 
~183 to 0 17.6 >¢ 10% 
0-.20 22.3 « 16% 
9-100 22.8 « 10°* 
0-300 25.2 < 10°6 
Bpnase -?83tc0 1Z.8-20.4 « 10°8 
0-20 18.7-24.9 ~ 10* 
y phase ~70 to 0 13.6 « 10% 
0-20 14.8 x 40° 
Heat of Formation, Keai./mole at 298°K: (gas) 68.34 
(c) y, 0.87 
Free Energy of Formation, Keal./mole at 298°K : (gas) 58.23 
(c) y, 0.37 
Extropy, cal./deg./mole at 298°K : (gas) 41.49 
(c) «, 7.59 
¥ 1.72 
See Tables a, b, c, d 
Melting Point: 1517°K (1244°C) 
Heat of Fusion. cal./mole: 3500 
Boiling Point: 2314°K (2041°C) 
Heat of Vaporization, cal./moie at 2314°K: 52,520 
(727°C) (1101°C) (1187°C) 
Transition Points: a 1000°K B 1874°K__y 1410°K 38 
eee ey. 


Heat of Transition, cal./mole: 
Heat of Sublimation, cal./mole at 298°K: 


JAN-M-476 


34.94 

eubic or tetragoual 

grey-pink 

(solid at R.T.) a = 7.44 
B= 7.23 
you T.214 


535 545 430 
ae Re ye 3 


66,73° 


Heat Content or Enthalpy, cal./mole at 298°K : See Tables a, b, c, d 
Heat Capacity, cal./mole at 298°K : See Tabies a, b, c, d 
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27, 37 


2, 4,5 
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Manganese, Mn (page 2) 


: a. HEAT CONTENT AND ENTROPY OF Mn (c, 1) 4 
(Base, «crystals at 298.15°K) 


4 T,oK Hy -- Hegs,15 Sr — Saee.15 T, °K Hy — Hoos.15 Sr — S2os.15 
q cal./mole cal./deg. cal./mole cal./deg. 
j mole mole 
400 ..... 690 1.99 1410 (j)... 10,330 13.21 
500 ..... 1385 3.54 1410 (8)... 10,760 13.51 
; 600 ..... 2120 4.88 ; 1500 ..... 11,780 14.21 
“4 Wo ..... 2895 6.07 1517 (8)... 11,970 14.34 ; 
4 800 ..... 3715 7.16 1617 (I)... 15,470 16.65 ; 
. ‘ 900 ..... 4570 8.17 1600 ..... 16,380 17.23 
‘ : 1000 (a) ... 5450 9.10 1700 ..... 17,480 17.90 
i p 1009 (2)... 5985 9.6: 1800 ..... 18,580 18.523 
q 1106 ww ws. C226 10.50 1900 ..... 19,680 19.12 
“ es 1200 ..... T7195 11.28 2000 . 2.2... 20,780 19.69 
; 1800 ..... 8715 12.02 2100 ..... 21,880 20.22 
1874 (Bf)... 9395 12.53 2200 ..... 22,980 20,74 
1874 (y) 9940 12.93 | 23800 ..... 24,080 21.22 
1400 ..... 10,220 13.13 
; j Mn (a) H 
4 Enthalpy : Hy—- Hoeos.15 == 5.70T + 1.69 x 10-°T* +. 0.87 x 10°T? — 1974 
yl (0.7 percent ; 298-1000°K) 
i Heat Capacity : C, == 5.70 + 3.38 x 10°T - 0.37 « 10°T-? 
Mn (8): oa 
q : Enthalpy : Hy —- Hoos.15 = 8.33T + 0.83 x 10°T?- 2675 (0.1 percent ; 1000-1374°K) 


4 Heat Capacity : C, == 8.38 + 0.66 X 10°T 


Mn (y): 
Enthalpy : Wy— Hoes.15 == 10.70T ~ 4760 (0.1 percer:t ; 1374-1410°K) 
Heat Capacity : C, == 10.70 


Mn (8): 
Enthalpy: Hy - Heos.13 =: 11.80T - 5170 (0.1 percent ; 1410-1517°K) 
Heat Cayacity: C, = 11.80 


Mn (1): 
Enthalpy: H, = Hoaes.15 == 11.00T ~- 1220 (0.1 percent; 1517-2300°K) 
Heat Capacity: C, == 11.00 
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Manganese, Mun (page 3) 


b. HEAT CONTENT AND EMTROPY OF Mn (y) 
(Base, y-crystals at 298.15°K) 


T, °K Hy — Haps.15 Sr — Soos.15 Hy ~ Ha96,15 
cal./mole cal./deg. cal./mole 
mole 
400 ..... 105 2.038 | 1000 ..... 5750 
500 ..... 1445 3.68 | 1100 ..... 6720 
600 ..... 2230 5.11 | 1200 ..... 7730 
700 ..... 3050 638 | 1800 ..... 8780 
800 ..... 3915 7538 | 1874 ..... 9570 


Mn (y): 


Enthalpy: Hr — Hoos.15 = 6.03T + 1.78 x 10°T? + 0.44 x 10°T-4- 2104 
(0.1 percent ; 298-1374°K) 


Heat Capacity : C, == 6.08 + 3.56 «x 10°T ~ 0.44 « 10°T? 


c. HEAT CONTENT AND ENTROPY OF Mn (g) 
(Base, ideal gas at 298.15°K) 


Hy bas Hoes. 15 Sr bad Szoe.15 Hr rane Hoos.15 
cal./moie cal./deg. cal./mole 
mole 


Mn (g): 
Enthalpy: Hr— Hios.1s == 4.97T ~ 1482 (0.2 percent ; 298-3000°K } 
Heat Capacity: C, = 4.97 
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Sr nae Se00.15 
cal./deg. 
mole 


9.57 
10.50 
11.38 
12.22 
12.81 


Sr = Soes.is 
cal./deg. 
mole 


OWA Lines Mit a ante ieee 


Manganese, Mn (page 4) 


d. HEAT CAPACITY OF Mn: 5 
Solid I, 298-1000°K ; Solid I], 1000-1374°K : 
Liquid, 1517-2314°K ; Gas (monatomic) 2314-3000°K 


T, °K Ce (cal./deg./mole) T, °K Ce (eal./deg./mole) 
298 6.29 1400 10.70 
400 6.75 1500 11.30 
600 7.54 1600 to 11.60 
2300 
800 8.21 2400 5.02 i 
900 8.60 2600 5.07 
1000 to 9.30 2800 5.14 
1300 3000 5.25 
; Decomposition Temperature and Products: 
te For DTA and TGA see Ref. 33 
Vapor Pressure: 
Press.mm. 1. 10 40 #4+100 400 «+760 °#«£XM~P: t ) 
Temp.°C 1292 1505 1666 1792 2029 2151 1260 
log P (atm.) = 14,848T ~ 3.028 log T + 16,489T (T = abs. temp.) 37 
2.4mm. at M.P. 34 
X-Ray Crystallographic Data: 
Atoms/ 
System Space Group a c Unit Cell J 
cubic (a) Ty 8.894 58 
‘ cubic (8) OforO7 6.300 20 
tetragonal (y) Di} 3.774 3.526 4 
i cubic (8) 3.081 at 1140°C =—-_ 3.088 at M.P. 37 
i Hygroscopicity (% Gain in weight after 720 hrs. of exposure at 70°F of spec. | 33 
: grade powdered Mn): 
R.H., % 50 16 $0 51 
Gain, % 0.02 0.34 3.91 SS a 
Solubility Data: Decomposes water slowly in the cold, rapidly on heating. 1 . 4 
Soluble in dilute acids with evolution of hydrogen. 29 


Health Hazard: Inhalation of heavy concentrations of manganese dusts or } 12 | 
fumes may produce chronic manganese poisoning. Mn may affect the ner- | 25 j 
vous system and cause paralysis. Mn poisoning is detectable in the blood. | 29 
M.A.C., mg./m.?: 6 14 : 


Safety Classifications: 
OSM: Class 2, when not packed or stored in the original shipping con- i 
tainer or equivalent (dust). 
cc: not specifically mentioned 
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Manganese, Mn (page 5) 


Fire and Explosion Hazard: Powdered manganese metal exposed to air is 
dangerous fire hazard and when ignited burns with intense heat. Pre- 
water from contacting the material. Store and process only in build 
adequately vented at the highest point to prevent the accumulation of . 
drogen gas which results from the reaction of powdered metal and moisture. 
In the presence of oxidizing agents powdered Mn is a dangerous fire and 
explosion hazard. Manganese powder is moderately explosive. 


Caution: to fight fire, use a special mixture of dry chemical or powdered 
talc. Use nonsparking tools for repair and maintenance of bu‘!dings or 
equipment where manganese has been stored. 


Electrostatic Sensitivity: Minimum energy required for iguitivia of powder by 


electric sparks (millijoules; : y+ 6.77% 
& + 0.90% 

Minimum explosive concentration of powdered Mn: 
125 mg./I. 


Volume change accempanying phase transformations: 
Bp y + 0.77% 
yo &4-0.90% 
Manganese is superficially oxidized on exposure to the air. The y phase 
(electrolytic Mn) is not attacked by water at ordinary temperatures. It is 
slightly attacked by steam. 


Use in Pyrotechnics: as 2 fuel 


Bi, 75 


26 


26 


37 


29 


MANGANESE DIOXIDE, MnO, Refs. 


(Manganese Black, Pyrolusite, Black Oxide of Manganese, 1, 11, 29 

i Manganese Peroxide, Manganese Binoxide, Manganese Superoxide, 

Battery Manganese) : 

Percent Oxygen: 36.82 i 

Specification No. : MIL-M-3281 : 

‘ Molecular Weight: 86.93 ‘ 

Crystalline Form: rhombic or powder 1 

Color: black or brownish-black 1 : 

: Density, g./ml.: (soid) 5.026 ' 

Coefficient of Thermal Expansion: — i 

Heat cf Formation, Kceal./mole at 298°K : ~124.5 1,2 i 

: See Table a : 

oe Free Energy of Formation, Keal./mole at 298°K: -111.4 1,9 i 

| See Table a : 

[ a, HEAT AND FREE ENERGY OF FORMATION MnO; (c) 2 i 

; SE UEEEEEEEEEESEEEEEEESEEEEEEREEEE eee ed i. 

T, °K 4H (cal./mole) A Fe (cal./mole) 

i 298.16.... —124,450 (+ 200) ~-111,350 (+ 250) 

t 400 ..... -124,400 ~106,900' 

‘ 500 ..... —124,250 ~102,500 i 

600 ..... -124,100 -98,200 ; 

I 700 ..... ~123,900 -—93,900 4 

i 800 ..... —123,'750 -89,600 { 

i 900 ..... -123,650 ~85,350 i 

1000 ..... 123,500 ~81,100 

Free Energy Equation: i 
t Reaction Range of Validity, °K i : 
Mn (a) + Oz (g) =Mn0; (c) 298.16-1000 Ea 

AF3 = -- 126,400 -8.61T log T + .97 (10-°T?) +. 1.555 (10°T) -+- 70.14T i 

Entropy, cai./deg./mole at 298°K: i2.7 1,9 } 

See Table b 

Melting Point: loses oxygen at 6,8 | 

1120°K (847°C) j 

loses oxygen at 535°C 1 i 

Heat of Fusion: | 

Boiling Point: — i 

. Transition Point: —~ ' 

Heat of Sublimation: — | 

| 201 i 

| | 

| | 

i 

| 

! 
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Manganese Dioxide, MnO, (page 2) 


b. HEAT CONTENT AND ENTFOPY OF MnO, (c) 4 3 
(Base, crystais at 298.15°K) 
T, oK Hr a Hoos .1s Sr baa Sroe.15 Hr “ Hage. 15 Sr - Seos.1s 
cal./mole cal./deg. cal./mole cal./deg. 
mole 
400 ..... 1445 =e 700 ..... 6415 13.36 
500 .. 2... 2020 800 -.... 8185 15.73 
600 ....., 4685 10.70 | 
MnO, (c): 
Enthalpy : Hy ~ Haos,15 == 16.60T -+ 1.22 x 1u*T? + 3.88 x 10°T-! - 6359 
(0.1 percent ; 298-800°K ) 
Heat Capacity : C, = 16.66 + 2.44 x 10 *T-3.08 « 105T? 
Heat Capacity, cal./deg./mole: (solid) 12.91 9 
_ Decomposition Temperature, °K: 1120 8 


For DTA see Ref. 33 


Decomposition Products: Loses O when heated; the temperature of decomposi- | 50V8 
tion varying with the method of preparation from 539°C down to even 
200°C. The resulting products being successively Mn.0;, Mn3;0,, and Mn. 
The reactions are reversible. 


Dissociation Pressure: 2 MnO, —> Mn.0s5 (s) 14 Op (g) 42V7 
a Press. atm. 0.030 0.164 0.263 0.209 1.36 1.000 see also 91 

T, °K 655.1 W211 751.1 803.1 809.1 1213.1 
X-Ray Crystallographic Data: 1 

System Space Group a c Molecules/Unit Cell 

tetragonal Dis 4.44 2.89 2 
Hygrescopicity : 
Solubility Data: In water, HNO;, cold H.SO_, acetone: 

insoluble 1 
In HCl! with evolution of Cl: soluble 


Heaith Hazard: Continued or prolonged inhalation or exposure to heavy con- } 12,50V5 

certrations of MnO, dusts or fumes may cause chronic manganese poison- 

ing. The chief site of damage is the central nervous system. Although toxic 

when freshly formed, the dry crystals or powder are normally considered 

an eye irritant and toxic only in large quantities. In solution, manganese 

dioxide form: a strong base that may burn the skin, and is very irritating 

to the eyes. 

M.A.C., mg./m.?: 6 14 


Safety Classifications: 
OSM: Class i. Class 2 when not packed or stored in original shipping con- 
tainers or equivalent. 
ICC: oxidizing material 
Coast Guard: hazardous material 


Manganese Dioxide, MnO, (page 3) 


Fire and Explosion Hazard: A strong oxidizcr and a fire hazard in the finely | 29 
divided state. Should not be heated or rubbed with organic matter or other 
oridizable substances such as sulfur, sulphides, phosphides or hypophos- 
phites. 


Precautions When Handling Manganese Dioxide: 


Work carefully when handling bulk manganese dioxide te avoid excessive 
“dusting.” Keep work areas clean, and wash hands frequently. Store away from 
readily oxidizable materials such as powdered metals, oils, acids, or organic 
solvents. 


A solution of one part vinegar to four parts water by volume is an effective 
neutralizer, and may ke safely used in the eyes or on any part of the skin, Take 
a victim to a physician immediately for examination and further treatment. 


Electrostatic Sensitivity: —- 
Use iu Pyrotechniee: as an oxidizer 7 
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> 1-(2-METHOXYPHENYLAZO)-2-NAPHTHOL Refs. 
(2-anisole-azo-betanaphthol, Sudan Red G, Brilliant Fat Scarlet R, 
CA. 12150, C.1. Solvent Red 1, C.1. Food Red 16) 48A 


Formula: CizyHyN202 


Specification No.: 


oa 


f ° 
C NEN 


MIL-D-3179 


The spec. covers two grades differing in purity (grade I, 90%; grade H, 


80%) and granulation. 

Molecular Weight: 
Crystalline Form: 
Color: 

Density, g./ml.: 

Apparent Density (spec. grade I) 
Cuefficient of Thermal Expansion: 
Heat of Formation: 

Free Energy of Formation: 
Entropy: 
Melting Point: 

Spec. grade II, min. 

Heat of Fusion: 

Boiling Point: 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy 
Heat Capacity: 
Decomposition Temperature: 
Decomposition Products: 
Vapor Pressure: 

X-Ray Crystallographic Data: 
Hygroscopicity : 

Solubility Data: 

In water, alkalies: 

In benzene and cold alcohol: 

In alcohol: 

In CHC}, and benzene: 

In conc. H,SO,: 


278.82 
needles 
shiny reddish-yellow 88V16 


min. 9.30, max. 0.70 


451°K (178°C) 88V16 
448°K (175°C) 


Patel it slot 


48, 88V16 
insoluble 
difficult 
red solution on boiling 
fairly soluble 


soluble with violet-red 
cclor ‘ 


; 
: 
t 
: 
A 
i 
! 
: 
: 
i 
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1.(2-Methoxyphenylazo)-2-Naphthol (page 2) 


Health Hazard: toxicity unknown ' 
Spec. requires each container be conspicuously Jabeled, “Caution-— Avoid 


Skin Contact. Use Adequate Ventilation.” 
Safety Classifications : 

OSM: not listed 

Ice: not listed 
Fire and Explosion Hazard: os 
Electrostatic Sensitivity : eer 


Use in Pyrotechnics: to color smoke 
mixtures red 


2 


9 
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1-METHYLAMINOANTHRAQUINONE 


(1-N-methylaminoanithraquinone, Celliton Pink R, Duranol Red GN, 
C.E. 60505, C.I. Disperse Red 9) 


Formula: C.:Hi:NO, 


Specification No.: 


Spec. covers two gradcs differing in granulation. 


Molecular Weight: 
Crystalline Form: 
Color: 
Density, g./ml.: 

Apparent Density: 
Coefficient of Thermal Expaxsion : 
Heat of Formation: 

Free Energy of Formation: 
Entropy: 
Melting Point: 

Spec. grade II, min.: 
Heat of Fusion: 

Boiling Point: 


Herat of Vaporization, Kea!./mole at 25°C and 1 atm. : 


Entropy of Vaporization, vapor at 1 atm., 
cal./molz/°C: 

Heat of Sublimation: Kcal./mole: 

Heat Content or Enthalpy: 

hieat Capacity: 

Decomposition Temperature: 
For TGA see Ref. 80 

Decomposition Products: 


Vapor Pressure: loz,oP (crn He) = F+h 


& => - 6740; b= 13.485 + 0.036; T=-abs. temp. 
tnergy of Activation fur Volatilization (97% purity), 


Keal./imole at 297-376°C: 
X-Ray Crystallographic Deta: 
Hygrescopicity: 


NHCH; 


MIL-D-3824 


237.11 
needles 
yellow-red 


(Spec) 0.35 + .15 


443°K (170°C) 
442°K (169°C) 


28.4 + 0.7 


52.87 + 0.30 
30.85 


19.6 


Refs. 
84, 48A 


88V14 
84 


84 


Addn. Ref. 3 


Adanl. Ref. 1 
Addn. Ref. 1 


Addn. Ref. 1 


80 
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1-Methyla:ninoanthraquinone (page 2) 


Solubility Data: 


In water, g./100 mi. at 25°C: < .0002 Adan. Ref. 5 
at 80°C: 0.00055 
: In alcohol (abs.) at 60°C: 14.96 g/l. oe eV I, 
: In CHC],, hot dil. HCI, glacial acetic acid : soluble 
In benzene: soluble, red 
In fuming H.SO,: soluble, light yellow 
; Health Hazard: toxicity unknown 92, 98 


Spec. requires each container be conspicuously labeled, “Caution—-Avoid 
‘ eg Contact or Breathing of Dust or Fumes. Use with Adequate Ventila- 
ion,” 


{ 
Safety Classifications: 2, 
OSM: not listed 
Icc: not listed . 
i Fire and Explosion Hazard: — 
| Electrostatic Sensitivity: : 
i Use in Pyrotechnics: j to color smoke 
mixtures red 


Additional References: 


\ 
1) “Vapor Pressures of Some Disnersed Dyes,” R. S. Bradley et al., Nature 
178, 998 (1956) 

| 

t 


2) “The Dyeing Phenomena of Acetate Artificial Silk,” V. Kartaschoff and 
G. Farine, Helv. Chim. Acta. 11, 822 (1928) 


3) “A Radioactive Ionization Gauge and Its Application to the Measure- 
ment of Latent Heat of Vaporization,” J. H. Benyon and G, R. Nichol- 
son, J. Sci. Instruments 33,376 (1956) 


4) For Absorption Spectra see Ref. 66 
5) J. Soc. Dyers Colourists 70, 68-77 (1954) 
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MOLYBDENUM, Mo 


Molecular Weight: 95.95 
Crystalline Form: cubic 
Color: silvery-white metal, 
grey-black powder 
Density : (solid) 10.22 
10.24 
9.01 
Coefficient of Therma) Expansion, linear: 
Temp, °C Coeff. x 16¢ 
20-149 5.43 
20-482 5.19 
20-649 5.36 
20-982 5.80 
20--1816 6.28 
20-1593 6.65 
4.9 
L=L, [1 + (5.01t + 0.00138t?) x 10] 
at 20°C: 4x 104 
See also Refs. 49A (curve of temp. vs. coeff.) ,66A, and Addni. Refs. 
Heat of Formation, Kceal./mole at 298°K: (gz) -155.5 
Free Energy of Formation, Kcal./mole at 298°K : (g)-144.2 
Entropy, cal./deg./mole at 298°K: (g) 48,462 
{c) 6.83 


a. HEAT CONTENT AND ENTROPY OF Mo (c, 1) 
(Base, crystals at 298.15°K) 

Hy - Hyea.15 ~- Sees. Hy — Hoos.15 

cal./mole : : cal./mole 


Mo (c): 
Hy — Hyos.15 == 5.18T + 0.83 < 10°T* -.618 (0.5 percent ; 298-2890°K) 
cc, =:b.18 + 1.68 x 10°T 
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Refs. 


: 2 Molybdenum, Mo (page 2) 
Mo ()): 
Hy Hoos,15 = 10.00T — 1960 (0.1 percent; 2890-8000°K) 


b. HEAT CONTENT AND ENTROPY OF Mo(g) 4 7 
(Base, ideal gas at 298.16°K) 


T, °K He — Hiee.15 Sx —Sase.1s T, °K Hy — Hoss.8 Sr — Soos.15 


ca]./mole cal./deg. cal./racle cal./deg. 
mole mole 
400 ..... 46 |; 1500 ..... 8.08 
500 ..... 57 | 1600 ..... 8.85 
600 ..... AR | 1700 ..... 8.66 
700 ..... 24 | 1800 ..... 8.94 
800 ..... 91 | 1900 ..... : 9,22 
900 ..... 49 | 2000 ..... : 9.48 
1000 ..... 01 | 2200 ..... 9.97 
1100 ..... 49 | 2400 ..... 10.44 
: 1200 ..... #$«$§.4g&480 #692 =| 2600 ..... 16.88 
13800 ..... 32 | 2800 ..... 11.31 


1400 ..... 69 =| 3000 ..... 11.74 


a A NAR 


Mo (g): 
Hy — Hoos. 15 == 4.97T - 1482 (0.1 percent ; 298-1800°K ) 
Hy ~— Foos,15s == 3.56T + 0.40 « 10°T? ~ 280 (0.2 percent ; 1800-3000°K} 
C, == 3.56 + 0.80 x 10°T 


eee 


See Tables a and b 


Her — Hagg.16 =: 5.48T -+- 0.65 « 10-°T? — 1692 (+ 1 percent ; 298-1800°K} 94 
C, = 5.48 4- 1.80 x 10°T 24A, 94 
Melting Point, °C: 2€20 + id 1A, 27, 831A 
Heat of Fusion, cai./mole at 2890°K : 6.6 + 0.7 97,31A 
Boiling Point, °C: 4800 1A 
4825 814 
Considerabiy higher values are also given. 
See Vapor Pressure Po 
Heat of Vaporization, Keal./mole: 128.42 831A aa 
117.4 94 
121.0 + 9.0 97 } 
Trangition Point, °K: 2883 1A 
Heat of Transition, Kcal./mole: 5.8 1A 
Heat of Sublimation, Keal./mole at 298° K: 157.5 5 
Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1092 5 | 
See Tables a and b | 
Heat Capacity, cal./deg./mole: (solid) oes (liquid) 10.00 | 31A { 
(gas) 4.968 at 25° 5, 31A | 
t 
| 


~ 


| 
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Molybdenum, Mo (page 3) 

Decomposition Temperature: oxidized to MoO, at 
red heat 

Decomposition Products: 

Vapor Pressure: 


Press. atm. 3.910 1.710% 86 10% 18107 1.0 
Temp. °C 1727 2610 3227 4727-5560 


log Pam, = —81,060T- — 0.2 log T 9.41 (bet. 298°K and M.P.) 
Imm. at 3102°C 
See also Refs. 64V1 and 66A 
X-Ray Crystallographic Data: 


Syatem Space Group a Molecules/Unit Cell 
cubic Of 3.1408 at 20° 2 
3.1468 at 25° 
Hygroscopicity : ae 


Solubility Data: Not attacked by water, dilute acids, or concd. HCl. Practically 
insol, in alkali hydroxides or fused alkalies. Sol. in hot concd. HNOs, hot 
concd. H,SQ,, in fused KCIO; or KNOs. 


Ref. 94 gives some corrosion data in several acids. 


Health Hazard: probabiy slight 
M.A.C., mg./m.*: 15 

Safety Classifications: 
OSM: not listed 
Icc: not listed 

Fire and Explosion Hazard: moderate 


Dust may react explosively with air. Sub-200 mesh dust has little or no 
be oan hazard. In fighting fire use powdered graphite, dolomite, sodium 
loride, etc., not water. 


Heat of Combustion, cal./g.: 1810 
Electrostatic Sensitivity : 
Use in Pyrotechnics: as afuel 


Additional References: 
1} “Molybdenum,” L. Northcott, Academic Press, Inc., New York (1956) 


2) Ref. 49A 
8) Ref. 64V1 
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MOLYBDENUM TRIOXIDE, MoO, Refs. 
(Molybdic Anhydride, Molybdite) 


{ 
Percent Oxygen: 33.34 
Specification No.: not listed | 
Molecular Weight: 148.95 
Crystalline Form: rhombic 1A 
Color: white to yellowish or 1A i 
colorless - 
Density, g./ml.: (solid) 4.50 at 19.5°C 1A 
4.682 at 21°C 29 
Coefficient of Therma! Expansinn, cubic: 21-78°C 7x 10% 44853 i 
78-195°C 5X 10° 
195-273°C 3x 10% | 
Heat of Formation, Kcal./mole at 298°K : (c)~180.33 1A, 9 
~178.2 + 1.5 97 
Free Energy of Formation, Kceal./moie at 298°K : (c)~161.95 1A, 9 1 
a. HEAT AND FREE ENERGY OF FORMATION OF MoO; (c, 1) | 4 
T, °K AH (cal./mole) 4 F° (cal./mole) i 
298.16.... -180,300 (+ 1500) ~162,000 (=. 1600) i 
400 ..... -180,100 -155,700 
500 ..... 179,700 --149,600 
600 ..... -179,200 -143,700 i 
700 ..... -178,700 -137,800 
800 ..... -178,200 ~132,000 
900 ..... -177,600 -126,200 : 
1000 ..... -177,000 ~120,600 
1068 ..... -176,600 -116,700 
1068 ..... -164,600 -116,700 
1109: se 3 —164,200 -115,200 
1200 ..... -163,000 ~110,800 
1800 ..... -161,800 —106,500 
1400 ..... --160,600 -102,300 
‘ 1500 ..... —159,500 —98,200 nS — 
Free Energy Equations: ‘ 
Reaction Range of Validity, °K 
1) Mo (c) + 3/20, (g) = Mo0s (c) 298.16-1068 2 
A? = - 182,650 —8.86T log T - 1.55 & 10°°T? +. 1.54 x 10°T + 90.07T | 
2) Mo (c) + 3/20, (g) = MoO; (1) 1068-1500 
AF? = -179,770 — 36.34T log T + 1.40 x 10°°T? -0.30 >< 10°T1 + 167.61T H 
Entropy, cal./deg./mole at 298°K: 18.68 | 14,9 


Sk 
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Molybdenum Trioxide, MoO; (page 2) 


b. HEAT CONTENT AND ENTROPY OF MoO; (c, !) 


T, °K He — Haps.as Sr— Svpa.is 
cal./mole cal./deg. 
mole 
400 ..... 
500 ..... 4035 
600 ..... 6260 
700 ..... - 8570 
800 ..... 10,940 
900 ..... 13,390 
1000 ..... 15,920 


T, °K 


1068 (c) ... 


ee 2 ee 
eee ee 
ee & 


2 MoO; (c) : 
Hy — Hogs.15 == 20.73T +- 2.59 X 10-°T? + 4.18 X 10°T-! ~ 7818 (0.1 percent ; 298-1068°K) 


C, = 20.73 + 5.18 « 10°T - 4.18 x 10°T 


MoO, (1): 


Hy ~ Fags. 15 =: 32.00T - 4000 (0.1 percent; 1068-1500°K) 


Méeiting Point, °C: 


Melts to a dark yellow liquid, which solidifies to a yellowish-white crystal- 


line mass. 
Heat of Fusion, Kcal./mole: 


Boiling Point, °K: 
The following values are also given: 


Beat of Vaporization, Kcal./mole: © 
Temperature of Sublimation, °K: 


Heat of Sublimation, Kcal./mole at 691°C: 


Heat Content or Enthalpy: 
See Table b 

Heat Capacity, cal./deg./mole: 
See Table b 

Decomposition Temperature : 
For DTA see Ref. 33 


Decomposition Products: 


212 


795 
797 


11.91 
12.54 


1530 + 50 


1100°C 
1428°K 


33 
(gas) 97 


Hy a Hoos. 18 
cal./mole 


30,170 
31,200 
34,400 
37,600 
40,800 
44,000 


3 
volatile above 500°C 
sublimes about 700°C 


65 
68.1 


(liquid) 32.0 


4 


Sr = Sros. 18 
cal./deg. 
mole 
28.26 
39.96 
40.92 
43.70 
46.26 
48.63 
50.84 


1A, 24A 
Addn. Ref. 2 


2 
6 


6, 8 
24A 
41 

9, 41 


52 


94 


9, 41 
Addnl. Ref. 3 
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Molybdenum Trioxide, MoO; (page 3) 


Vapor Pressure: 
Press.mm.  .009 0.65 0.30 1.75 10.1 28.4 105.1 288.3 476.2 760| 44553 


Temp. °C 610 650 700 750 #00 850 950 1050 1100 1155 
298°K to M.P.: log pam, = — 15,230 - 4.02 log T -+ 27.16 24A 
M.P. to B.P. : log Pum, == 12,480T- — 4.02 log T + 24,60 24A 
X-Ray Crystallographic Data: 
System Space Group a Molecules/Unit Cell 
cubic Vis 3.14103 at 25° 4 18, 44853 

Hygroscopicity : — 
Solubility Data: 

In water, g./100 ml. at 18°C: 0.1066 1A 

at 70°C: 2.055 

In acids, NH,OH, alkalies, sulfur: soluble 

In acids after strong ignition : very slightly soluble 29 

Health Hazard: probably slight 12 
L.D., g./kg.: 400 29 

Safety Classifications: 

OSM: not listed 
Icc: not listed 
Fire and Explosion Hazard: 
Electrostatic Sensitivity . — 


Use in Pyrotechnics: Product of the burning of Mo and some of its compounds. 


Additional References: 
1 Ref.7 
2) C.A. 53, 20992 (1959) 
8) C.A.48, 18896 (1954) 
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: NICKEL, Ni | oe 
Specification No.: JAN-N-412A 

The standard A.S.T.M. grades of virgin nickel are: ; 

Electrolytic 99.5% Mi : 

X shot 98.9% Ni 16 i 

A shot 97.75% Ni : 

Ingot 98.5% Ni \ 

Molecular Weight: 58,71 ; 

Crystalline Form: cubic 1 { 

Color : silvery metal 1 : 

Density, g./ml.: (solid) 8.90 1 ; 

Coefficient of Thermal Expansion, 16-250°C: 13.97 x 10-6 1 : 

Temperature °C Coeff. 1 

-~19 to + 16 10.12 10-6 i 

40 12.79 x 10-¢ ‘ 

375-1000 13.46 « 10° ; 

| 25-100 12.9 x 10° “| 

i Heat of Formation, Kcal./mole ai 298°K : (gas) -101.260 5 ; 

| Free Energy of Formation, Kcal./mole at 298°K : (gas) -90.413 \ 

Entropy, cal./deg./mole at 298°K: (gas) 43.52 5 } 

(solid) 7.14 5 } 

| See Tables a and b : 

| Melting Point: 1728°K (1455°C) 1 5 

_Heat-of Fusion, cal./mole: 4210 4,5 

’ Boiling Point: 3110°K (2837°C) 5 i 
Heat of Vaporization, cal./mole: 88,870 5 

Transition Point: ato B at 633°K (360°C) 4 

, Heat of Transition, cal./mole: atog,0 4 \ 

Heat of Sublimaticn, cal./mole at 298°K: 101, 260 5 

Heat Content or Enthalpy, cal./role: (solid) 1144 5 j 

{ 


(gas) 1631 
See Tables a and b 


a. HEAT CONTENT AND ENTROPY OF Ni (c, 1) 4 
(Base, crystals at 298.15°K) ; 


Hy — Hoos.15 Sr-Ssos.1s ! 


cal./mole cal./mole cal./deg. : 
mole ' 
400 ..... 665 91 | 90 ..... 4445 8.03 
500 ..... 1380 51 | 1000 ..... 5210 8.84 
600 ..... 2180 96 | 1100 ..... 5985 9.58 
633 (u) ... 2460 AZ {| 1200 ..... 6786 10.27 { 
633 (8)... 2460 ; 1 7600 10.93 \ 
700.1... 2940 , L atiete, d 8450 11.56 i 
800 ..... 3690 14 | 1500 ..... 9320 12.16 ‘ 
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Nickel, Ni (page 2) 


T, oK He = Hess. is S: aa Sogs.ts Hy ne Hove.15 Sr — Soos.15 
cal./mole cal./deg. cal./mole cal./deg. 
mole mole 
1600 ..... 10,210 12.73 ; 2200 ,.... 19,910 18.08 
1700 ..... 11,110 13.28 | 2400 ..... 21,750 18.88 
1725 (g)... 11,330 13.40 | 2600 ..... 23,590 19.62 
1725 () ... 15,540 15.84 2800 ..... 25,430 20.30 
1800 ..... 16,230 16.24 3000 ..... 27,270 20.93 
2000 ..... 18,070 17.21 8200 ..... 29,110 21.52 


Ni (a): 
Enthalpy : Hr - Hoos.15 = 4.06T -+ 2.52 & 10-°T? — 1523 (0.3 percent ; 298-633°K) 
Heat Capacity: C,== 4.06 + 7.04 « 10°T 


Ni (8): 
Enthalpy : Hy - Hooa.15 = 6.00T + 0.90 x 10°T?-1701 (0.2 percent; 683—-1725°K) 
Heat Capacity: C, = 6.00 + 1.80 x 10°T 
Ni (1): 
Enthalpy : Hr — Hoos. 15 == 9.20T — 330 (0.1 percent ; 1725-3200°K) 
b. HEAT CONTENT AND ENTROPY OF Ni (g) 4 
(Base, ideal gas at 298.15°K) 


Hy ro Has.15 Sr or Sros.15 


cal./mole cal./deg. 
mole 


cal./mole 


400 ..... 575 = = =«=6.:1.662~«=— | «1900 1... 

500 ..... 1150 294 | 2000 ..... 

600 ..... 1740 $401 #| 2200 ..... 

1 Ue 2385 ##498 |] 2400 ..... 

800 ...., 2980 5.73 | 2600 ..... 

900 ..... 3525 43 | 2800 ..... 14,235 
1000 ..... 4120 7.06 3000 ..... 15,310 
1100 ..... 4715 1.62 3500 ..... 17,985 
1200 ..... 5300 8.13 4000 ..... 20,665 
1300 ..... 5885 8.60 4500 . 2... 23,370 
1400 ..... 6465 9.08 5000 ..... 26,135 
1500 ..... 7040 9.43 6000 ..... 31,940 
1600 ..... 7615 9.80 7000 ..... 38,305 
1700 .. 2... 8185 10.14 8000 ..... 45,415 
1800 ..... 8750 10.46 

Ni (g): 


Enthalpy : Hy - Hoos. 55 = 5.99T + 0.36 « 105T! - 1907 (0.3 percent ; 298-1000°K) 
Heat Capacity : C, =- 5.99 - 0.86 x 10°T? 

Minthalpy : Hy — Hees 15 == 6.07T - 0.11 & 10°°T?- 4120 (0.4 percent ; 1000-4500° K) 
Heat Capacity: C, 6.07 -9.22 « 10°T 
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mole 


Hy ca Hoos .15 = Sr iad Soos. 1s 
cal./deg. 


Nickel, Ni (page 3) : 


Heat Capacity, cal./deg./mole at 298°K: (soli) 6.23 
(liquid) 9.20 i 
(gas) 5.58 4,5 : 
ce. HEAT CAPACITY OF Ni 
(Solid, 298-1728°K ; liquid, 1728-3000°K) 5 
T, °K Ce (cal./deg./mole) 
298 6.23 i. 
500 TAT 
\ 800 TA4 
1200 8.16 i 
1600 8.88 : 
1700 9.06 : 
1800-3000 9.26 


See equations above 

Decomposition Temperature: -—— 

Decomposition Products: —- 

Vapor Pressure: 
Press.mm. 1 10 40. 100 400 760 MP. |1 
Temp. °C 1810 2057 2234 2864 2603 2732 1462 : 


X-Ray Crystallographic Data: Atoms/ 1 
System Space Group a c Unit Cell ‘ 
(a) hexagonal D4, 2.65 4.32 2 
(8) cubic Of 3.517 4 
Hygroscopicity: Nonhygroscopic. Not affected by water. 29 
Solubility Data: 1,29 : 
In water, fused alkalies or NH3;: insoluble 7 
In dilute HNO; : soluble i 
In HClor H,S0,: slightly soluble 


Health Hazard: Exposure to nickel may cause dermatitis (Nickel itch) in sensi- | 12,25, 29 
tive individuals. Ingestion of large amounts (even 1-3 mg./kg. of body 
weight) causes nausea, vomiting, diarrhea, depression of the central ner- 
vous system, and myocardia) damage. Its health hazard is, however, con- 
sidered slight. 


M.A.C., mg./m.*: 0.5 25 : 
Safety Classifications: 
OSM: class 2 i 


ICC: Listed under “Explosives and Other Dangerous Materials.” Classed 
as a flammable solid; red label. q 
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Nickel, Ni (page 4) 


Fire and Explosion Hazard: Ni dust is explosive and a dangerous fire hazard. | 12, 14,49 : 
It has an ignition temperature above 700°C, and burns with intense heat. 
When compounded with oxidizing agents the powdered metal is a danger- 
ous fire and explosion hazard. It decomposes steam at red heat. The amount. 
of powdered metal which may become invol-ed in a fire should be strictly 
limited. Tires must not be fought with ordinary streams of water because 
of the danger of liberating large quantities of hydrogen gas. Fires involving 
smal! amounts of powdered Ni may be fought with fog nozzles or special 
extinguishing powders, 

In the repair or maintenance of buildings or equipment, powder or 
dust should be reduced and nonsparking tools used. Store and process only 
in rooms or buildings adequately ventilated at the highest point. 


‘ Electrostatic Sensitivity : not ignited by electric 49 
: sparks 
: Use in Pyrotechnics: asa fuel 
| 
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NITROCELLULOSE (12.6% N) Refs. 
(Cellulose Nitrate, Pyrocellulose, Pyro, Nitro Cellulose, Nitrocotton) 
Formula: [CeHyo0-70s-x (ONO2) x) 


Where x = no, of ONO, groups and n = degree of polymerization. For 
12.6% N, x ==2.45. 


; Specification No. : JAN-N-244 


The spec. lists four grades of which Grace A, with 12.60 + 0.10% N, is 
used for pyrotechnics. 
Molecular Weight: Vuriable, approx. 0.42 Lo 0.78 x 10° or 272.3 n (calculated! saddnl. Ref. 1 


from formula) 

Form: Cotton-like fibrous solid or amorphcus powder (when cut up or beaten). 

Color: white 1 

Density, g./ml.: (solid) about 1.66 Addn. Ref. 1 

Coefficient of Thermal xpansion, linear: 9-16 x 105 31 

Heat of Formation, cal./g. -617 13 

Free Energy of Fc: mation: —- 

Entropy : 

Melting Point: Decomposes. In a vacuum melts at approx. 473°K (200°C) Addn. Ref. 2 
before exploding. 

Heat of Fusion: 

Boiling Point: decomposes 

Transition Point: — 

Meat of Sublimation: — 

deat Content or Enthalpy: —. 


Heat Caracity: —— 
Decomposition Temperature: See Addnl. Refs. 1, 2, 3, 4 

For DTA see Ref. 33 
Decompesiticn Products: Depend on conditions of decomposition. 
Vapor Pressure: 


Press. mm. 0.0 0.0— 13 


_Temp. °C 25 60 
X-Ray Crystallographic Data: a Sona trinitrate 
> e—} 
Molecules/ Adanl. Ref. 1 
System Space Group a b c Axwl Angle Unit Cell 
monoclinic 13.9 25.6 9.6 B= 90° 


334.3 - 23.65 N 


\ygroscopicity, g. H.0/100 g. N.C.: 
—S1i11-N  (@pprox.) | Addnl. Ref. 1 


or more roughly 14.6-N % nitrogen 


at 30° and 90% R.H., %: 3 1s 
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Nitrocellulose (12.6% N) (pago 2) 


Solubility Data: Numerous substances dissolve or more accurately disperse | Addnl. Ref. 1 a 
pyrocellulose. Among these are avetone, ether-aleohol (2:1), fatty acid 
esters, nitro compounds, and organic nitrates. 

1 water, ether, and benzene: inseluble 


| 
Safety Classifications: ; | 
OSM: Class 12 when wet with 8-30% wzter. j 
ICC: Listed under “Explosives and Other Dangerous Materials,” as a j 
high explosive when dry and as 4 flammable liquid when dispersed 
in a solvent; red label. | 


Fire and Explosion Hazard: Dry nitrocelluiose is extremely sensitive to shock | 12, 14 

ard friction, and very dangerous when ignited, even in the open, or when 
heated with oxidizing agents, Dry nitrocellulose burns in an instartanecus 
flash. Wet nitrocellulose is less hazerdous. Nitrocellulose when impure is 
subject to spontaneous ignition. Sterage of dry nitrocellulose is not per- 
mitted es it has al] the hazards of a sensitive and easily ignited high 
explosive. It is stored wet (25-30% water) in zine-lined boxes oc metal 
drums. Must contai« not iess than 20% moisture by weight when shipped. 
Caution: keep away from heat «nd open flame. 


- 
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| 
| 
Flash Point, closed cup, °F: 40 12 | 
Impact Sensitivity, 2 kg. wt.: 13 | 

Bur. of Mines Apparatus, cin.: 8 (10% point) 

Sample weight, mg.: 3 (10% point) 

P.A. Apparatus, in.: 5 | 
Explosion Temperature Test: 

5 second point 170°C with decomposition 13 
Electrostatic Sensitivity: Readily accumulates static charges when dry. 14 | 

Volatility at 60°C, micrograms/cm.2/hr. : 0 13 
: Oxygen Balance to CO:, %: -35 
to CO, %: 0.6 | 
Vacuum Stability Test, 5 g. sample 
““femp.°C 90 #4100 120 | 
cc.40hrs. 0.17 1.0 | 
"ec. 16hrs. | 
260 Gram Bomb Sand Test, 0.4 g. sample i i 

Grams sand crushed to pass a 30-mesh sieve: 45.0 | 
Sensitivity (initiator required for comple*e detonation) 

Lead azide: 0.10 g. 
Heat of Combustion, cal./g.: 2409 
Heat of Explosion, cal./g.: 855 
Gas Volume on Explosion, ce./g.: 919 | : 


| 

| 

| 

| Second Order Transition Temperature, °C: (approx.) 66 59 
| (nitrogen content not mentioned) : 
| 


moisture, and as a bonding agent. 
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| 
| 
Use in Pyrotechnics: For coating compositions to reduce the penetration of | 20 , | 
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Nitrocellulose (12.6% N) (page 3) 


Additional References: 
1) “Cellulose Nitrate,” F. D. Miles, Oliver and Boyd, London and Edin- 
burgh. Interscience Publishers, Inc., New York (1955) 


2) “The Spontaneous Ignition of Nitrocellulose,” E. K. Rideal and A. J. B. 
Robertson, Third Symposium on Combuscion and Flame and Explosion 
Phenomena, The Williams & Wilkins Company, Baltimore (1949) 


8) “Cellulose and Cellulose Derivatives,” E, Ott et al., Eds., {nterscience 
Publishers, Inc., New York (1954-55) 

4) “The Kinetics of Thermal Decomposition of Nitrocellulose? R. W. Phil- 
lips et al., J. Phy. Chem. 59, 1034 (1955) 
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PARLON Refs. 
(Chlorinated Rubber, Tornesit, Alloprene. Parlon is trademarked | 59 
by Hercules Powder Co.) 
ie 
Addnl. Refi“ 


Formula: Rubber chlorinated polyisoprene [— CH, ~C == CH -CH,]x chlori- 
nated approximately 67 % Cl by weight. 
Chiovination of rubber results in a complete reaction. There is not only | 59, 60, Addnl. 
addition and substitution of chlorine but also cyclization along the polymer Refs. 1,2 
chains. The theoretical chlorine content for the completely chlorinated iso- 
rene unit, C,;H,Cl,, is 68.5%. Parlon is marked in five viscosity types. 
tabilized Parlon usually contains 1% of an epoxy compound as 4 stabilizer 
to improve resistance to heat, ultraviolet light and moisture. Sunlight 
causes discoloration and embrittlement in unpigmented, unstabilized films. 
Parlon is resistant to dampness, soaps, molds, and mildew. 
Molecular Weight: Variable (high) depending on viscosity. 
59, Addnl. 


Crystalline Form: Coarse amorphous inelastic powder; poorly crystallized, 

granular powder. Ref. 1 
Color: white (color of film, 

water-white) 

seca 2 LEE ares nat 
Coefficient of Thermal Expansion: 12-13 « 10% 60 
Heat of Formation: —. : 
Free Energy of Formation: —_— 
Entropy: 
Melting Point, softening point of film: 413°K (140°C) Addnl. Ref. 1 
Heat of Fusion: 
Boiling Point: — 
Transition Point: —. 
Heat of Sublimation: —. 
Heat Content or Enthalpy: — 


Heat Capacity: 
Decomposition Temperature: 
Effect of dry heat on film (continuous exposure) stable up to 125°C. Appre- | Addnl. Ref. 1 
ciable decomposition at 135°C. 
Decomposition Products: —_—- 
Vapor Pressure: _— 
X-Ray Crystallographic Data: — 
Hygroscopicity : Moisture content as shipped is less than 0.5%. 
Absorbs little moisture on storage. 


Moisture absorption at 80% R.H.in24hr.,%: 0.14 
Water vapor transier of free film, g./100 sq. in./mil. in 24 hr. at 95°F and 


100% R.H. . 1.0 


Addn. Ref. 1 
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Parion (page 2) 


amen, 
6 


Solubility Data: Soluble in CCl, esters, aromatic hydrocarbons, and ketones. ; 59, 60, Addnl. { 
Unaffected by strong or weak acids or alkalies, salt spray, aliphatic alco- Ref. 1 
hols, and aliphatic hydrocarbons. Insoluble in acetone alone, 
Health Hazard: nentoxic 
Safety Classifications: 
OSM: not listed 
ICC: not listed 


Fire and Explosion Hazard: Nonflammable. Will ignite in the flame of a bunsen | 59, 60 
burner, but the flame is selfextinguishing. On burning, it melts, gives off 
bubbles of gas and chars. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: As a color intensifier and binder. Used in rapid drying | 59, 60, Addnl. 
paints. Ref. 1 


Additional References: 
1) “Parlon, Properties and Uses,”” Hercules Powder Co., Inc., Wilmington, 
Del. (1957) 
2) “Rubber, Polyisoprenes, and Ailied Compounds. Part IV. The Relative 
Tendencies towards Substitutive and Additive Reaction during Chlori- 
nation,” G. F. Bloomfield, J. Chem. Soc. 1948, 289 
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PHOSPHORLS, P, (yellow), P (red) Refs. 


t Specification No.: yellow, P, JAN-P-211 
i stabilized red, P JAN-P-670 
The spec. covers two grades, A and B, which differ in purity and granu- 
lation. 
Molecular Weight: (yellow, P,) 123.90 4,5 


(red, P) 30.974 
Crystalline Form and Color: The yellow or white is cubic in form; the red or 
reddish brown, cubic or triclinic in form; the violet, monoclinic. 1,5 
Phosphorus occurs in four allotropic forms: yellow or white, red, black, | 1,5, 16, 29, 
and violet. Yellew (white) phosphorus varies in color from almost colorless | Addnl. Ref. 1 
to pale yellow. It is a waxlike solid which phosphoresces in the dark with 
a greenish light and gives off white fumes. It ignites spontaneously in air. 
Phosphorus is produced directly from phosphate rock in the electric fur- 
nace. When distilled at 290°C, the red modification yields white phosphorus. 
At 600-800°K, liquid white phosphorus is rapidly converted to red phos- 
phorus; at 704-8000°K, the gas is mainly in the diatomic form ; below 704° 
it is in the tetratomic form. Black phosphorus resembles graphite in tex- 
ture. It is produced from white phosphorus under high pressure. Phos- 
phorus, Red, Spec. No. 51 P, 37, and Phosphorus, Red, stabilized, Spec. 
JAN-P-670 are the two types of red phosphorus used in pyrotechnics com- 
positions. Red phosphorus is a reddish-brown powder. Stabilized red phos- 
phorus is less sensitive and hence slightly less of a fire hazard. 
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Density, g¢./ml.: (solid) yellow, 1.82 1 
red, 2.20 
“3 black, 2.70 
Coefficient of Thermal Expansion, linear, 0-44°C: 124 10-* 1 
Heat of Formation, Keal./mole at 298°K: (gas) 75.18 9 
Free Energy of Formation, Kcal./mole at 298°K : (gas) 66.71 9 
white (c) 0.000 
’ red (c)~4.4 
black (c) -10.3 
Entropy, cal./deg./mole at 298°K: white (c) 10.6 9 
red {c) 5.46 
See Tables a to e 
Melting Point: white (a) 317.4°K 5 
(44.8°C) 
red, 870°K (597°C) 
Heat of Fusion, ca!./mole: white, 150 5 
Boiling Point: white, 554°K (218°C) 
red, 280°K (7°C) 
(ignites in air) * 1,5 
o 
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Phosphorus, P, (yellow), P (red) (page 2) ge 
Transition Points and Heats of Transition: . 
| Form Temp. of Transition | Heat of Transition _ 
; Initial Final °K Keal./mole 
7 ce, IV ¢, II ~~ 30.81 0.0197 
e, IT ec, il 49,44 0.186 
¢, I ¢, I 88.12 0.116 
I= black, II == red, ITI and IV = white : 
($-white transforms to «-white at ~76.9°C) Addn, Ref, 2 
Heat of Sublimation, cal./mole at 298°K: (white to P, gas) 14,100 5 


i (red to P, gas) 30,820 
(P. gas) 42,725 
(P gas) 79,800 
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a, HEAT CONTENT AND ENTROPY OF P (red) 4 
(Base, crystals at 298.15°K) : 
T, °K Hye — Hars.16 Sz — Saoa.1s Hy -— Hags.15 < See See rT 
cal./mole cal./deg. cal./mole cal./deg, 
mole mole 
400 ..... 620 9 | WO..... 5.62 
600 ..... 1270 24 (| 800 ..... 6.62 
600 ..... 1970 
P (red): 
i Enthalpy : Hx — Hoos.15 = 4.74T + 1.95 x 10°T2- 1587 (0.3 percent ; 298-800°K) ve, 
| Heat Capacity: C, = 4.74 + 8.90 x 10°T i 
| b. HEAT CONTENT AND ENTROPY OF P, (white, 1) | 
| (Base, crystals at 298.15°K) 
T, °K Hr age! Figs.15 Ss S2ee.15 Hr os Hogs, 15 Sy am Sroa.15 
cal./mole cal./deg. cal./mole cal./deg. 
mole mele 
817.4 (c) .. 41 | 870 ..... 6.90 
| 817.4 (1)... 30 8 8| 400 ..... 8.74 
{ 


P, (white) : 
Enthalpy : Hy —Hoeg. 15 == 22.50T - 6708 (0.1 percent ; 298-817.4°K) 


P, (i): 
Enthalpy : Hy — Hoos, 15 = 23.50T - 6425 (0.1 percent ; 814.7-400°K) 
Heat Capacity : C, — 23.50 


Heat Capacity : C, = 22.50; A Hair, (fusion) == 600 | : 


Phosphorus, P, (yellow), P (red) (page 3) 


c. HEAT CONTENT AND ENTROPY OF P (gz) 4 
(Base, ideal gas at 298.15°K) 


H, ars Haos.15 Sr = Sass.is Hr an Hoos.15 Se a Ssos.16 
cal./mole cal./deg. cal./mole cal./deg. 
mole mole 


P (g): 
Enthalpy : Hr — Ha9s,15 = 4.97T ~ 1.482 (0.1 percent ; 298-2000°K) 


d. HEAT CONTENT AND ENTROPY OF P, (g) 4 
(Base, ideal gas at 298.15°K) 
Hy — Heos.1s Sx ~ Ssos.1s 


aR Ne EI REN 


Heat Capacity : C, = 8.81 + 0.46 x 10°T - 0.72 > 10°T-* 


Hy ~ Hage.15 Sr ~ Sios.15 | 
cal./mole cal./deg. cal./moje cal./deg. 
mole mole ‘ 
400 ..... 800 281 | 1000..... 5910 10.06 | | 
500 .. 2... 1620 4.14 1200 ..... 1660 11.66 \ | 
600 ..... 2450 5.65 1400 ..... £430 18.02 i ; 
700 ..... 8300 6.96 1600 ..... 11,200 14.20 : 
800 ..... 8.11 | 1800 ..... 12,970 15.24 : 

900 ..... 5080 918 | 2000 ..... 14,750 16.18 

P; (g): 
Enthalpy : Hy — Haps,15 = 8.31T + 0.23 x 10-°T? + 0.72 x 10°T- ~ 2740 
(0.4 percent ; 298-2000°K) , 
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Phosphorus, P, (yellow), P (red) (page 4) 


e. HEAT CONTENT AND ENTROPY OF P, (g) 4 
(Base, ideal gas at 298.15°K) 
T, °K Hy Me Hise.15 Sr was Sees.is H, = Hosa.is Sy a Szes,15 
cal./mole cal./deg. cal./mole cal./deg. 
mole mole 
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P, ( - 
Enthalpy : Hy — Hors.15 = 18.93T + 0.48 pee -+ 2.81 & 10°T-* — 6625 
(0.2 percent ; 298-1500°K) 
Heat Capacity : C, = 18.935 + 0.86  10°°T ~2.81 « 10°T? 
Heat Capacity, cal./deg./mole at 298°K: (gas) 4.96 9 
See tables above 
Vapor Pressure: 
Press. mm. 1 10 40 100 400 760 M.P. 
Temp °C (yellow) 76.6 128.0 166.7 197.3 251.0 280.1 44.1 1 
(black) 290 $88 371 398 482 453 
(violet) 237 #287 #3823 %S49 391 417 590 


X-Ray Crystallographic Data: Unit Cell 
System Space Group a b c Molecules/ 
red, black (rhombic) vi, 8.31 4.38 10.50 
(yellow) (cubic) (at 35°C) 7.17 16 (4P,) 
(Crystalline and amorphous black and red P give similar X-ray patterns) 


Hygroscopicity, Red P at 70°F and 216 hr. exposure: - 33 
__B.H. 50 16 30 
Gain inwt.,% 2.04 5.0 11.06 


Solubility Data: 


Yellow or White Red 1, 29 
H,0: 0.0003 g./ml. at 15°C very slight 
slight in hot incl in spe war 
F slight in abs. alc. 
re aa S Ath cal’ at 1086 insol. in CS., ether, NH, 
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Phosphorus, P, (ycilow), P (red) (page 5) 


Benzene: 1 g. in 35 ml. 
CHCl: 1 g./40 ml. 

Olive oil: 1 g¢./80 ml. 

Oil of Turpentine: 1 g./60 ml. 
SI. sol. in NHsg, alkalies, ether 


Health Hazard: Yellow phosphorus is poisonous even when ingested in smal! 
amounts, An approximate fatal dose is 50 mg. Phosphorus fumes are also 
very poisonous, External contact may cause severe burns. Long continued 
absorption can cause necrosis of the jaw bone and chronic poisoning. Phos- 
phorus is especially dangerous to the eyes. 

M.A.C. (yellow phosphorus), mg./m.?: 0.1 

Red phosphors is poisonous on inhalation or ingestion but slower acting 
‘han yellow phosphorus. It should never be allowed to come in centact with 
the eyes. 

Phosphorus poisoning is detectable in the urine. 


Safety Classifications: 
OSM: Class not specified. As a fire hazard it should ke listed in class 1. 
ICC: Flammable solid; yellow label. 
U.N. Phosphorus, white or yellow, dry, or under water, or in solution is 
classified as an inflammable solid, liable to spontanecus combustion. 


Fire and Explosion Hazard: On exposure to air white phosphorus (WP) bursts 
into flame and is thus a serious fire hazard. Containers or ammunition con- 
taining WP should be kept below its M.P. or 44.1°C, as pressure may runr- 
ture the container. Phosphorus is preferably stored under water in sealed 
metal vessels enclosed in wooden boxes or metal drums. WP is dangerous 
when heated with oxidizing ig pie as it emits highly toxic fumes of oxides 
of phosphorus. Use water to fight fire. Red phosphorus, while less reactive 
than yellow phosphorus, is a dangerous fire hazard. It is easily ignited by 
spark or friction and is dangerous when in contact with organic materials 
or oxidizers. It can ignite spontaneously in air. It emits highly toxic fumes 
when heated. 

Autoignition Temperature, in air, °F: (yellow) 86 

(red, amor.) 500 


Use in Pyrotechnics: As a fuel, in incendiary and smoke compositions, 


Additional References: 
1) “Two New Modifications of Phosphorus,” P. W. Bridgman, J. Am. 
Chem. Soc. 36, 1844 (1914) . 


2) “Phosphorus and Its Compounds,” Vol. i, J. R. Van Wazer, Interscience 
Publishers, Inc., New York (1958) 


12, 29 


14 
12, 93 


12 


12, 14 


15, 29 
67, 71 
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PLURONIC F 68 


Following information comes from the Wyandotte Chemicals Corporation, 
Wyandotte, Michigan, manufacturers of Pluronic F 68. 

Pluronic F 68 is a block-polymer prepared by adding propylene oxide to 
the two hydroxy! groups of a propylene glycol nucleus. The resulting hydro- 
phobic base can be made to any desired lergth, varying from 800 to many 
thousands in molecular weight. By adding ethylene oxide to this hydropnobic 
base, it is pes to put polyoxyethylene hydrophilic groups on the end of the 
molecule. These hydrophilic groups can be controlled in Jength to constitute 
anywhere from 10 to 90% of the final molecule. The simplified structure can be 
represented as HO (CH,-CH,—0),.(CH.-CH:0), (CH2°CH.0) .H. 


‘Hs 

Pluronic F 68 is a flake with a hydrophobic base molecular weight of 
Sppremmetey 1750; 80% of the molecule, by weight, consists of hydrophilic 
polyoxyethylene groups and the remaining 20%, hydrophobic polyoxypropylene 
groups. The total molecular weight of F 68 = 1750 == 2750. 

.20 

PH of 2.5% aqueous solution: vi 
Cloud Point: 

of aqueous solutions in concentrations up to 60.0%: 


> 100°C 
at 70% concentration: semi-solid 
of 10% aqueous solutions at pH 2 and 10 
in 4% NaOH: > 100°C 
40 % concentration: semi-solid 
20% concentration: 26.5°C 
100% concentration: 38.5°C 
1% concentration: 47°C 


Solubility in Organic Solvents at 25°C in g./100 ml. solvent: 
Samples of 0.1, 1.0, 5.0, and 10.0 g. were dissolved in 100 ml. of salvent 
and observed after 30 min. for any phase separations, turbidity, etc. 


Ethyl alcohol (95%) : > 10.6 
Toluene: 5.0 
Perchliorethylene : insol. 
Kerosene: insol. 
Ethylene glycol: insel. 
Vegetable oil: insol. 
Mineral oil: insol. 
Surface Tension at 25°C, dynes/cm.: 
1.0% solution 41.9 
0.1% solution 45.6 
0.01% solution 49.9 
0.001% solution 54.3 
Using a DuNuoy Tensiometer, samples are in aqueous solutions at the specified 
concentrations. 


Concentration Required for a 25 sec. Draves Sink Time: 
At both 25° and 50°C, the maximum concentration evaluated was 5 g./l. At 
this concentration the sink time was 300 seconds. 

Use in Pyrotechnics: A surface acting agent used as a detergent, emulsifier, and 
wetting agent. 
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POLYCHLOROTHIFLUOROETHYLENE 
(Kel-F Brand Oils ond Waxes) 


KEL-F oils and waxes are low mceiucular weight polymers of chlorotriflu- 
oroethviens (CF, =: CFC1) which constitute a hormologous series of compounds 
composed of chlorotrifluorcethylene repeating units and terminal chlorine 
atonis. This series is referred to as “whole telomer.” K&L-F oils and waxes are 
made by Minnesota Mining and Manufacturing Co. 


Formula: Cl-(CF,-CFC}1) ,Cl 

Specification No.: MIL-M-55028A 

Molecular Weight: From 302 for the iowest boiling (dirneric) cormponent of 
#1 oil to 5-10,006 for the highest melting ingredients of #200 wax. 


Color: All KEL-F oils and waxes are celoriess and odorless. In the liquid state 
all products are clear and free from sediment, At room temperature the oils 
are transparent, and the waxes take on a translucent or opaque white 
appearance. 

Specific Gravity: KEL-F oils are comparatively dense, with values approaching 
twice the density of water. The waxes are generally greater than twice the 
density of water a. temperatures less than 25°C, Specific gravity depends 
less markedly on temperature tha.; does viscosity, 


Vapor Pressure: Because of their low heats of vaporization and weak inter- 
molecular forces, the oils and waxes are cnaracterized by relatively high 
vapor pressures. Values can be calculated by meatus of the vapor pressure 
constants and equation in the table of typical properties. (See beiow). 


Solubility : The 03's and wax’s are soluble in cromatic, aliphatic, and chlorinated 
hydrocarbons, alcohols, ketones, esters and fluorocarbons; und insoluble in 
water and mineral acids. The degree of solubility varies widely with molecu- 
lar vreight; the waxes are leas soluble than the oils. 


Viscosity: KEL-F oils are available iu three viscosity grades (1, 3, 10 centi- 
stokes at 210°F). #40 wax, by virtue of its low melting point, can also be 
considered as an extra-heavy oil (viscosit,” == 40 cs. at 210°F). Viscosities 
of halofluorocarbon liquids depend markedly on temperature. 


TYPICAL PROPERTIES OF STANDARD KEL-F OILS AND WAXES 


Refs. 


AH data fron 
Adadnl. 
Ref.1 


Grade Designation 
1 3 10 40 10-206 200 

Molecular Weight 560 630 780 940 — — 
Clarity (R.T.) clear clear clear opaque opaque opaque 
Refractive Index, np 

TToF 1.400 4.405 1.410 — ~— — 

160°F —_ — —_ 1.398 1.401 — 
Viscosity, centipoises 

00°F 2 25 220 —_ eas nas 

210°F 0.8 3 10 40 55 — 

266°F rest ahs co is ~ 145 
Viscosity, centipoises 

100°F 2.6 47 425 — — _— 

210°F ~~ 5 18 TE 105 — 
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Polychlorotrifluorcethylene (page 2) 


Grade Designation 


1 3 10 40 10-200 200 
Viscosity, Tamp. Coeff. 0.67 0.88 0.96 —_ = — 
a Pour Point, °F <-70 8 =-45 +30 +90 ae —_ 
Co Melting Point, ASTM, D-127°F — — — 100 150 200 
4 Specific Gravity 
! 68°F /39°F 1.84 1.98 1.96 — 2.02 2.11 
| 100°F/39°F 181 1.90 1.98 — 1.99 —- 
160°F /39°F — 1.85 1.88 1.92 1.94 — 
Vapor Pressure Constants? 
‘~ 7.4991 8.4976 9.0508 10.2128 9.6116 — 
B 2351 3161 8743 4863 4318 — 
Heat of Vaporization 
cal./g. 21 23 22 23 _— —_ 
Keal./mole 10.7 14.5 7.1 22 — _ 
Surface Tension, dynes/cm. 23 28 30 — -— _— 
ermal Conductivity 
BTU/hr./ft */°F/ft. — -- 0.080 0.110 — — 
Heat of Formation, cal./g.* -1200 ~1200 ~1206 —1200 ~1206 ~1200 


1V.T. Coeff. = 1-Vis at 210°F/Vis at 190°F 
2 Jor P (nom. Hg) == A-B/T°K 
3 calculated 


Dielectric Properties: The oils and waxes have very zood electrical properties. 
i The dielectric strength or KEL-F oil (0.100 in. gap) is 500 volts/mil. The 
volume resistivity is in excess of 10* ohm-cm. 


Corrosivity: The oils and waxes are noncorrosive, in themselves, towards 
metals. Storage in ‘nickel, monel, mild steel, stainless steel, and even alu- 
minum offers no problems under ambiént conditions. However, the oils are 
ee rust-inhibiting, and therefore moisture should be excluded from cun- 

iners. 


Chemical Stability: KEL-F oils and waxes are extremely stable against the at- 
tack of strong acids, alkalies, and oxidants. No reaction has been observed 
with permanganate, chromic acid, fuming nitric acid, or hydrogen jer- 
oxide. The oils are not attacked by CIF; at 300°F, concentrated H.SO, at 
400°F, or concentrated aqueous alkali at the boiling point. Oxygen and 
ozone do not react appreciably with KEL-F oils; indeed there is evidence 
that the oils are even moe chemically stable in the presence of oxygen. 
Under stringent oxidizing conditions (2000 psig. QO, at 300°F for 8 hr.) 
tests have shown no change in KEL-F oil alone or in contact with a variety 
of metals. Nor is there any effect on the metals themselves, including copper. 
Caution: Softer metals such as aluminum and magnesium may react vigor- 
ously with KEL-F oils under conditions of high shear, where fine particles 
of fresh metal are exposed. 


Health Hazard: The oils and waxes are substantially nontoxic and physiologi- 
cally inert. However, thermal Gevomponon products at extremely elevated 
temperatures (600°F) are toxic and adequate ventilation under these con- 
ditions is strongly recommended. 


Specie Heat, cal./g. pee a 0.22 _ ane 
| 
| 
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Polychlorotrifluoroethylene (page 3) 


Fire and Explosion Hazard: Because of their high fiuorine and chlorine con- 
tent, the KEL-F oils and waxes do not support combustion—that is, they 
are selfcxtinguishing once the igniting source is removed. 

Infrared Tranemission: As halofluorocarbons are substantially free of hydro- 
gen, the KET.-F oils and waxes are transparent in the 2-4 micron infrared 
region, where most organic liquids are strongly absorbing. 


Use in Pyrotechnics: Oxidizing agent in pyrotechnic compositions, 


Additional References: 
1) “KEL-F Brand Halofluorocarbon Oils, Waxes, Greases and Alkanes,” 
Minnescta Mining and Manufacturing Company (1958) 


6-006 FU an atin censmnnatmmaee 2 


« 


+ eames ee seen mn ae AT hes eed ot Make 


POLYTETRAFLUOROETHYLENE Refs. 
(Teffon, Fluen, Fluorofiex, Polytetrafluoroethylene Resin) 
Tefion is a thermoplastic, homopolymer composed of long chains of —CF, - | 29, 60 
units, Its useful temperature range is —75° to + 250°C. It cannot be molded, but 


at 206°C it can be extruded. It is not wetted or affected by water, neither does 
it stick to anything. Teflon is the term used in the U.S. and Fluon in Great 


Britain. 
F F 
! | 
Formula: |— ¢C — C— Where n is unknown (see Molecular Weight). 29 
! i 
F F In 
Specification No.: PA-PD-614 


Covers one type of general purpose molding or extruding material and the | 1 
quality of the final molded or extruded parts. The applicable A.S.T.M. 

- Specifications and Test Methods are D1457, D257, D150, D638, D785, D256, 
D792, D648, D696, D543, D542. 


moles Weight: Unknown; estimated at 500,000 or more and possibly many | 40, 68 
millions. 


Form and Color: Colorless to grey powder, flakes, or grains. Transparent in thin | 88, 1 
sheet. Teflon is highly crystalline with no appreciable cross linking. A 
degree of crystallinity of 98-97% has been calculated for the polymer with 
a density of 2.296. Teflon is available as film, laminations, powder (pellets 
or granules), rods or tubes (extruded), or sheets. It is fabricated by ex- 
trusion, hot forming or drawing, compressior. molding, and injection 


ee a en re en URE: aOR er tant a eta te en renee eee atin 


; molding. 
Density, g./ml.: (solid) 2.1-2.3 1 
Coefficient of Thermal Expansion, linear: 5.5 x 10°5 1, 10, 
Addn. 
Ref, 12 


- Below 15° and above 25°C the cubical coefficients of expansien are roughly | Addnl. 
of the same order, 310+ cc./cce./°C, but at about 20°C there is a 1% Ref. 10 
increase in volume, presumably due to a change in crystai structure. 


Heat of Formation, Kcal./monomole at 298°K : Addn. 
{ (estimated for particular sample used) -193.5 Ref. 7 
j -199 Addnl. Refs. 
H 14, 15 
Free Energy of Formation: — 
Entropy, Enthalpy, and Heat Capacity: 
Form Temp. Entropy Enthalpy Heat Capacity* 
°C abs.j. °K g"! abs.j.g" abs.j. °K*g"! 
; powder 280 1.005 140.5 1.036 
310 1.184 178.6 0.9959 
molded 280 1.019 144.8 1.012 Addnl. Ref. 
310 1.187 179.3 1.021 11 
annealed 280 1011 142.9 0.9761 
310 1.135 179.4 1.023 


———e 


*Experimental data show that the heat capacity of a Teflon sample varies 
with its mechanica! and thermal history. 
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Polytetrafluoroethylene (page 2) 


(softening) 600°K 
(327 + 5°C) 


above 678°K (400°C) 


Melting Point: 


Heat of Fusion: 
Boiling Point: 

Tefion begins to evaporate without melting. 
Heat of Polymerization, Kcal./mole of monomer: 


Transition Point and Phase Changes: 
Teflon crystallizes in two forms. A first order phase change occurs at about 
292°K (19°C) and melts at 600°K (827°C). A second order transition, in- 
volving the crystalline phase, occurs at about 303°K (30°C). This is not 
related to the glass transition which has not been located in this polymer, 
but it must be below 173°K (-100°C) as the polymer is still flexibie at this 
temperature, 

Heat of Sublimation: 


COMPARISON OF THE ENTHALPY AND ENTROPY CHANGE 
IN THE INTERVAL 280-310°K 


-AT 


Sample and run AH as 
Teflon powder: abs.j.g72 abs.j°oK-g"! 
BR enh 4 cain esses stein = 38.02, 0.12938 
Rane Gs iscsi sc sceeetrcececcecci a. ° 98.04 0.1294 
Molded Tefion: 
Run 8 eccssssessesseees Gaetan eames cee s $4.68 0.1177 
Ratt 4 ncn. 84.75 0.1180 
Annealed Teflon : 
RMS essen cieada niceoesaaeeecs 36.42 0.1236 
RRM Sievers ctadsaitiiscaciceanicaatccclecs 36.53 0.1240 
Quenched Teflon : 
FRU 2 crscsiessascsecotscanscscncoccacasssscactcasoceineet 35.49 0.1205 


0.28 
C, = 0.2227 + 2.50 x 10“t (°C) 
C, == 0.2227 + 2.89 X 10“ (°C) 

about 400°C 


Specific Heat, cal./deg./g.: 
Above 40°C (powdered) : 
(drawn) 
Decomposition Temperature: 


Decomposition Products: 
Depolymerizes to the monomer. Above 750°F decomposition liberates F. 
The polymer decomposes a: elevated temperatures. In a vacuum, the mon- 
omer is the chief product. At low temperatures (250-350°C) degradation 
seems to start at the chain ends. at higher temperatures random cleavage 
becomes more important. In air degradation is move complicated, giving off 
extremely toxic products. Teflon decomposes slowly above 525°F. 


Vapor Pressure at 25°C, mm.: 1x 107 
In the equation log pam, =: A-B/T, A =: 4.3, and B = 3400 over the range 


300-450°K. 


Spec., 68 


40 


Addnl. Ref. 
14 


68 
Addn). Ref. 3, 


’ » ’ 


12,13 


Addnl. 
Ref. 11 


Addnl. Ref. 7 
Addnl. Ref. 8 


1 


68, 79, 60, 
Addni. Refs. 


4, 


Adanl. Ref. 6 
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Polytetrafluoroethylene (page 3) 
X-Ray Crystallographic Data: 


Space Moleciwes/ 
System Group 7 b ce Axial Angle Unit Cell 
pseudohexagonal 5.564 5.64 168 y= 119.5  hightemp. 
form 15 
low temp. 
form 18 
The chain repeat distance is 2.62A. 
Hygroscopicity : nonhygroscovic 


Solubility Data: There is no known solvent or plasticizer for Teflon. It is unaf- 
fected by strong acids, even aqua regia, and by strong alkalies. However, 
prolonged contact with fluorine, hot plasticizers, and polymeric waxes 


should be avoided. 

Health Hazard: Heated to decomposition it gives off toxic fumes of F and F 
compounds. ¥) 

Safety Classifications : 

OSM: not listed 
Icc: not listed 
Fire and Explosion Hazard: nonflammable 

Electrostatic Sensitivity : —_—— 

Mechanical Properties: 
Modulus of elasticity, 10* psi: 33-65 
Tensile strength, psi: 1560-3000 
Ultimate elongation, % : 120-350 
Yield stress, psi: 1600-2000 
Yield strain, %: 50-70 
Rockwell hardness: J 75—J 95 
Notched Izod impact test : 2.5-4.0 

Refractive Index: 1.585-1.600 


Use in Pyrotechnics: To make inert seals or containers for pyrotechnic com- 
positions, and as an oxidizing agent. 
Additional References: 
1) Nature 174, 549 (1954) 
2) D. K. Harris, The Lancet, 1008 (1951) 
3) C.E. Weir, J. Research NBS 50, 95 (1953) 
4) S.L. Madorsky et al., ibid. 52, 8327 (1958) 
5) R.E. Florin et al., ibid. 53, 121 (1954) 


6) “Vapor Pressure of Plastic Materials,” N. Jensen, J. Appl. Phys. 27, 
No. 12 (1956) 


7) “Combustion Calorimetry of Organic Fluorine Conipounds,”’ W. Good 
et al., J. Phys. Chem. 60, 1080 (1956) 


234 


| 68 
Addnl. Ref. 1 
49 


Addnl. 
Ref. 1¢ 


PA-PD-614 
29, 40 


12, Addnl. 
Ref. 2 


j Polytetrafluorcethylene (page 4) 


8) “Specific Heat of Synthetic High Polymers. V. A Study of the Order- 
Disorder Transition of Polytetrafluoroethylene,” P. Marx and M. Dole, 
J. Am. Chem. Soc. 77, 4771 (1955) 


$) Structura. Reports 12, 367-68 (1949) 


10) “A Reom Temperature Transition in Polytetrafluoroethylene,” H. Rigby 
and C. W. Bunn, Nature 164, 583 (1949) 


11) “Calorimetric Properties of Polytetrafluoroethylene (Teflon) from 0° 
to 365°K,” G. Furukawa et al., J. Research NBS 49, 273 (1952) 


12) C.A. 52, 15118 (1958) 
18) C.A. 52, 12516 (1988) 
14) “Thermal Stability of Polytetrafluoroethylene,” C. R. Patrick, Nature 


181,698 (1958) 
15) “Thermochemical Studies of Fluorocarbons,” H. C. Duus, Ind. Eng. 
Chem. 1445 (1955) 
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POLYVINYLCHLORIDE, PVCI Refs. i. 
(Exon, Geon, Koreseal, Marvinol, Pliovic, Tygon, 59, 60 ‘, 
Velon, Vinylite, Vygen, Agilide) 
Formula: Approximately (-CH,*CHCl+*CHCl)., where n = about 4000 59 
A variable polymer. Specification cails for 56 + 1% Cl 
Specification No.: MIL-P-20307 
(includes Army Spec. 
No. 50-11-147) 
Molecular Weight: variable, approximately 59 
250,000 
Crystalline Form: (spec. grade) powder 


In PVCI, units of the polymer chains are arranged essentially head-to-tail. | 68 
In addition there may be some branching as a result of chain transfer dur- 
ing polymerization. Solid PVCl is only slightly crystalline. 


Color: colorless to amber 1 

Density, g./ml.: (solid) unplasticed 1.4 59 
Specification, Apparent Density: 0.5 + 0.1 g./ml. Addnl. Ref. 1 

Coefficient of Thermal Expansion, linear: 5-6 « 10°5 Addn!. Refs. 

Heat of Formation, Kcal./mole at 25°C, 22.6 + 38 Adan. Ref. 7 
per monomer unit: 

Free Energy of Formation: — 

Entropy: — 


Melting Point: Variable, depending on degree of polymerization. Begins to | 59, Addnl. 
80 between 848° and 358°K (70° and 80°C). High molecular weight Refs. 8, 6 
polymers do not flow well enough for practical molding beiow 428°K 
(160°C). Second order transition tempe-ature approx. 848°K (75°C). 


Heat of Fusion: — 
Boiling Point: — 
Transition roint: see Melting Point 


Heat of Sublimation: =< 
Heat Content or Enthalpy: — 


Heut Capacity: —— 
Decomposition Tempera\ure: Fer TGA see Addn. Ref. 9 
Decomposition Products: HC) and darkening 


PVCI begins to break down even as low as 150°F. It is alsu unstable to | 59 
light, darkening as HC] is evolved. Stability to both heat and light can be 
greatly improved by the addition of stabilizers. As the loss of HC) appears 

to be autocatalytic, the stabilizers used are usually mild alkalies, alkali or 
alkali earth oxides and hydroxides, fatty acid salts, or HCI acceptors; e.g., 
acetylene oxide compounds. Alcoholates, carbonates, amines and many 
compounds have been fcund to be effective stabilizers. These can be used 
alone or in combination to adjust the properties of the plastic in the direc- 
tion desired, e.g., flexibility, improved flame resistance. 


Polyvinyichloride, PVC! (page 2) 


Vapor Pressure: 

X-Ray Crystallographic Data: Partly crystalline; fiber peried 5.0 + 06 A cr 
a multiple of 5.0A . 

Hygroscopicity, Specific:.tion Grade Metevial: Gain in mg./g. at R.T. after 
exposure in stutic and vacuum desicc itors: 


Solubility Data: Insoluble in acids and alkalies. Soluble in cyclohexanone, 
methylcyclohexanone, nitrobenzene, dirai thyiformamide, tetrahydrofurane, 
isophorone, mesity]! oxide. Low molecular weight PVC is soluble in higher 
alkylketones, dioxane, methylene chloride. 


Health Hazard: —— 

Safety Classifications : 
OSM: not listed 
IcCc: not listed 

Fire and Explosion Hazard: Self extinguishing. Decomposition by neat 
liberates Fer 

Heat of Combustion, cal.,g. (HO liquid) at 25°: 4374.9 

Electrostatic Sensitivity : _- 


Use in Pyrotechnics: As a retardant, color intensifier, and bonding agent. 


Additional References: 
1) “Linear and Stereoregular Addition roemere: N. Gaylord and d. 
Mark,” Interscience Polymers. Vol. 2 (1959) 

2) “The Structures and Properties of some Pyrolyzed Polymers,” F. H. 
Winslow et al. (Paper given June 1966.) paper in the Proceedings of 
the Second Conference on Carbon held at the University of Buffalo, 
Buffalo, N.Y. (1956) 

8) “The Investigation of Synthetic Linear Polymers by X-Rays,” C. S. 

Fuller, Chem. Revs, 26, 148 (1940) 

“Infrared Spectra of Thermally Degraded Poly Viny] Chloride,” R. 

Stromberg et al., J. Research NBS 60, No. 2, 147 (1958) 

5) “Characterization of Organic Substances by Differential Therma! 
(38) H. Morita and H. M. Rice, Analytical Chemistry 27, 336 

195 

6) “Specific Heat of Synthetic High Polymers. VI. A Study of the Glass 
‘Transition in Polyvinyl Chloride,” S. Alford and M. Dole, J. Am. Chem. 

Soc. 77,4774 (1955) 

7) “Heats of Combustion of Some Organic Compounds Containing Chlo- 
rine,” G. C. Sinke and D. R. Stull, J. Phys. Chem. 62, 397 (1958) 

8) C.A. 52, 15118 (1958) 

9) Anal. Chem. 27, $86 (1955) 
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POTASSIUM, K 
(Kaliam) 


Specification No.: 
Molecular Weight: 
Crystalline Form: 
Color: 

Density, g./ml.: 


Coefficient of Thermal Expansion, linear at 0-50°C: 


Heat of Formation, Kcal./mole at 298°K : 


Free Energy of Formation, Kcal./mole at 298°K : 


Entropy, cal./deg./mole at 298°K: 


See tables below 

Melting Point: 

Heat of Fusion, cal./mcle: 

Boiling Point: 

Heat of Vaporization, cal./mole: 

Transition Point: 

Heat of Sublimation, cal./mole at 298°. 
to ideal monatomic gas: 
to ideal diatomic gas: 

Heat Content or Enthapy, cal./mole: 
See tables below 

Heat Capacity, cal./deg./mole: 


See tables below 


. 


‘39.100 


cubic 

silvery metal 
(solid) 9.877°° 
85 x 10-4 


(monatomic gas) 21,420 
(diatomic gas) 30,580 
(monatomic gas) 14,589 
(diatomic gas) 
(monatomic gas) 38.30 
(diatomic gas) 


(c) 15.39 


236.4°K (63.3°C) 


558 


1039°K (766°C) 


18,530 


21,420 
30,580 
(solid) 1695 


(solid) 7.16 
(liquid) 7.80 
(gas) 4.97 


a. HEAT CONTENT AND ENTROPY OF K (ec, !) 
(Base, crystals at 298.15°K) 


T, °K H, a Hoos, it) 


mole 


886.4 (c) 286 
886.4 (1) 844 
400 ...... 1330 
600 ...... 2075 
600 ....... 2205 


K (c) 


Ss; - Sros. 15 
cal./mole cal./deg. 


T, °K Hy ~ H298.15 


cal./mole 


. 3515 


oe eee 


=e eee 


4225 
4940 
5665 
6400 


21,965 


59.87 


Refs. 


Enthalpy : Hr— Hees: = 1.84T 4 9.70 x 110°T? - 1262 (0.1 percent ; 298-336.4°K ) 


Heat Capacity : C, = 1.84 + 19.40 x 1)°T 
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Potassium, K (page 2) 


K (1): 
Enthalpy : Hy — Hyes.is == 7.06T -. 0.70 x 10°T — 1823 (0.3 percent ; 336.4-1100°K) 4 


Heat Capacity : C, = 7.06 + 0.70 x 10°T? 


b. HEAT CONTENT AND ENTROPY OF K (xg) 
(Base, ideal gas at 298.15°K) 
T, 0K Hy — Hoos.is S+ — Sooe.15 T, °K Hy - Hagais Sr —Seoe.1s 
cal./mole cal./deg. cai./mole cal./deg. 
mole 
9.2) 
9.46 
9.94 
10.39 
10.80 
11.19 
11,56 
12.45 
13.32 
14.25 
15.29 
17,87 
20.83 
23.53 


y 


K (g): 
Enthalpy: Hr— H.s.15s == 4.97T - 1482 (0.1 percent ; 298-2000°K) 


ce. HEAT CONTENT AND ENTROPY OF K,(g) 
(Base, ideal gas at 298.15°K) 


T,°K Hy — Hoes.15 Sx —S29s.15 Hr — Hoos.15 Sr - Sooa.is 
cal./mole cal./deg. cal./mole cal./deg. 

mole mole 

400 ..... 925 2.67 | 1600 ..... 12,240 15.65 
500 ..... 1840 4.71 {| 1700 ..... 18,215 16.24 
600 ..... 2760 629 | 1800 ..... 14,200 16.80 
700 ..... 8685 782 | 1900 ..... 15,180 17.33 
800 ..... 4615 906 ‘| 2000 ..... 16,170 17.84 
900 ..... 5550 10.16 | 2100 ..... 17,165 18.33 
1000 ..... 6490 11.15 | 2200 ..... 18,165 18.79 
1100 ..... 7440 12.05 | 2800 ..... 19,170 19.24 
1200 ..... 8390 12.88 j 2400 ..... 20,180 19.67 
1300 ..... 9345 13.65 | 2500 ..... 21,195 20.08 
1400 ..... 10,305 14.36 | 2750 ..... 23,760 21.06 

1500 1... 11,276 15.02 {| 3000 ..... 26,350 21.96 
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Potassium, K (page 3) 


K, : 
Enthalpy : Hr~ Hoos. 15 = 8.91T -} 0.26 Vee — 2680 (0.1 percent ; 298-3000°K) 
Heat Capacity : C, = 8.91 + 0.52 x 10*T 
For tables of thermodynamic values see Ref. 5 
Decomposition Temperature: —- 
Decomposition Products: —_—— 


Press. mm. i 10 40 100 100 760 
Temp.°K 341 443 524 586 708 174 


At M.P. vapor pressure is 0.23 mm. 


X-Ray Crystallographic Data: 

System Space Group a Atoms/Unit Cell 
cubic OF 5.333 2 

Hyg:vosccpicity : Reacts with water to form KOH and H:. 

Caution: Keep under liquid containing no oxygen; e.g., petroleum or in an 
inert atmosphere of argon or nitrogen. 

Solubility Data: Soluble in liquid NHsz, ethylene diamine, aniline, and mercury. 
Reacts with water, and alcohol. 

Health Hezard: Extremely caustic to all tissues. The fumes of potassium oxide 
are very toxic. 

Safety Classifications: 

OSM: Class 2 
ICC: Listed under “Explosives and Other Dangerous Materials” as a 
“Flaminable Solid”; yellow label. 

Fire and Expicsion Hazard: Potassium reacts vigorously with water to form 
caustic KOH and evolve hydrogen. The heat evolved causes the potassium 
to meit. and the hydrogen to burn. If there is any confinement, the hydrogen 
mey explode. Burning potassium is difficult to extinguish. To fight a fire, 
use dry powdered soda ash, graphite, or special mixtures of dry chemicals. 
Even when stored under mineral oil, the peroxide (K,0.) and superoxide 
(KO, or K.0,) may form, and an explosion may occur when the material is 
handled or cut. Potassium which has become coated with a layer of oxide 
should be burned. The fumes of potassium oxide are highly toxic. Do not 
use CCl, on fire as an explosion may result. Use powdered talc. 


Clectrostatic Sensitivity : —- 
Use in Pyrotechnics: As a fuei and to color burning smoke compositions violet. 


«dditronal Reference: 
1) C.A. «7, 2578 (1948) 
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POTASSIUM VJICARBONATE } 
(Potassium Acid Carbonate, , 


Formula: 
Specification No.: 
Molecular Weight: 
Crystalline Form: 
Color: 

Density, g./ml.: 
Coefficient of Thermal Expansion: 

Heat of Formation, Kcal./mole at 298°K: 


Free Energy of Formation, Keal./mole at 298°K: 


Entropy: - 

Melting Point: 

Heéat of Fusion: 

Boiling Point: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 
Heat Capacity: 

Decomposition Temperature, °C: 
Decomposition Products: 

Heat of Dissociation, cal./mole: 


Potassium Hydrogen Carbo 


nate) 
KHCO, 
MIL-P-3173 
100.11 
monoclinic 
colorless 
(solid) 2.17 
~229.3 
-205.7 


100-200 
K,COs; + CO, +- H:0 
15,730 


Vapor Pressure of Dissociation (to CO, + HO) is given by 


3420 
T abs. 


log Pim, =: 10.882 — 


____ 2KHCO,(s) = K2COs(s) + CO2(g) + H.O(g) 


Fress, atm. .0054 -1463 2527 


~~ 'Temp. °K 340.8 389.5 4003 


X-Ray Crystallographic Data: 
Space Group a b c 


6203 8034 
419.4 424.9 429.1 


.9645 


Aztal Angle Molecules/U. it Cell 


C3, 15.176 5.630 3.708 8 =: 103° 45 4 


Hygroscopicity : Nonhygroscopic. Stable in dry air, in more than 70% saturated 
humidity it absorbs water. In damp air loses CO, and forms a coating of 


K,COs. 

Solubility Data: In cold water: 
In water at 60°C: 
In alcohol: 


22.4 g./100g. 
60 g./100g. 
insoluble 


Heaith Hazard: Excessive doses may cause hyperkalemia or alkalosis. 


Refs. 


1 
44V22 IT 
Aadnl Refs, 


» 
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Potassium Bicarbonate (page 2) 


Safety Classifications: 


OSM: not listed 
Icc: not iisted 
Fire cad Explosion Hazard: capa 


Electrostatic Sensitivity : caer 


Use 7 ri rae As a retardant, and to color burning compositions pur- 
plish-red. 


Additional References : 


1) “The Disscciation Pressures of the Alkali Carbonates. Part II. Po*as- 
sium, Rubidium, and Cesium Hydrogen Carborates,” R. M. Caven a>4 
H. J. Sand, J. Chem. Soc. 105, 2752 (1914) 
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POTASSIUM CHLORATE, KCiQ, Refs. | 
Specification No.: MIL-P-1504 | | 
i Specification Grades and Classes: The specification covers three grades: | 
Grade A, low bromate content; urade B, high bromate content ; and Grade 
C with magnesium carbonate. Grade C is uivided into seven classes based 
on granulation. Grade .4 is used in primer mixtures, Grade B in pyrotechnic 
| mixtures, and Grade C in colored smoke mixtures. 
H Molecular Weight: 122.55 
Crystalline Form: monoclinic i | 
Percent Ogygen: 39.17 
Color: colorless 1 | 
| Density, g./ml.: (solid) 2.82 1 i 
i Coefficient of Thermal Expaxsion, y, over the range 44V221 | 
H -78° to + 21°C: 22 x 10% co 
i Heat of Formation, Kcal./mole at 298°K : -93.50 1,9 | 
i Free Energy of Formation, Keal./mole at 298°K : 69.29 1,9 
‘oc Entropy, cal./deg./mole at 298°K : 84.17 3,9 
| Melting Point: 641.5°K (368.4°C) il | 
Literature Values: 384~-372°C 65 
Heat of Fusion: — | 
i Boiling Point: Decomposes at 673°K (400°C) giving off 0. 1,20 
Transition Point: Monoclinic to rhombic 528°K (255 + 5°C) 42, 44V221 
Heat of Sublimation: 
j Heat Content or Enthalpy: —- 
Heat Capacity, cal./deg./mole at 298°K : (solid) 23.96 9 >. 
; Temp.°C C,, cal./deg./mole 65 
~150 14.7 
-100 18.9 
0 238.4 
50 25.3. 
100 28.4 
200 36.2 i 
225 39.7 
Decomposition Temperatvre: For DTA and TGA see Ref. 38 
Decomposition Products: At fusion 2KC1O,-—+KCI10, + KCl + 20. ( 20, 29 
At high temperature the KC1O, decomposes to KCI -+ 40. 
Heat of Decomposition, kg./cal./mole: 
KCIO,; —+KCI+0, 12.1 + 0.3 Addnl. Ref. 1 
KC 0, —KC! + 80 -9.7 65 


| Crystalline decomposition, R.T. Value 
| 4KC10;-+KCIO, + KCl 68 
| 
| 
i 
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Potassium Chiorste, KC10, (page 2) 


Vapor Pressure: 
X-Ray Crystallogreptic Data: 


ee ne oma 


System Space Group a 3 
monoclinic Ci, 4.647 5.585 
°C a 
20 4.647 
90 4.565 
150 4.67$ 
200 4.692 
250 4.706 
cator: 
R.H.% 65 75 
Time Exposed 
Gain mg./g. 
R 0.1 0.1 0.1 
s} <.l 0.2 
R'= reagent grade; S'= spec. grade 
Critical R.H.: 
Reagent grade, 97.7% at 25°C 


Spec. grade, 97.9% at 26.2°C 


Fineness Hours 
40-80 mesh 45 
; 693, 
9314 
\ 12244 
i ground 16 
; very fine 69 
| . 88%, 
Solubility Data: In water at 20°C: 
at 100°C: 


In alkalies: 


At 25°C, g./100 g. solvent: 
In ethyl alcohol : 
In glycerol : 
In acetone: 
In ethylene glycol: 
At 20°C in methy! alcohol: 


¢e 
7.085 
b 
5.586 
5.600 
5.611 
6.621 
5.652 


Molecules/ 
Axial Angle Untt Cell 
f = 109° 38’ g 
€ 

1085” 

Tze 

7.152 

7.180 

7.202 


Hygroscopicity : R.T., after equilibrium hys been established in a vecuum desic- 


0.1 


0.2 
0.3 


0.2 


0.5 


0.5 
0.9 


Water absorbed by 2.000 g. at 25°C (C.P: material) : 
g. H,O absorbed 


0.0680 
0.1056 
0.1392 
0.2340 


0.0248 
0.1062 
0.1488 


7.1 g./100 ml. 
57 g./100 ml. 


slightly soluble 


0.81 

1.05 
insoluble 
1.21 
0.095 


86 93 
24 hrs. equil. 24 hrs. equil. 24 hrs. equil. 24 hrs. equil. 


65 
Addn. Ref. 4 
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Potassium Chiorate, KC0, (page 3) 


Health Hazard: Slight to moderately poisonous. The principal toxic effects of 
chlorates are the production of methemogiobin and the destruction of red 
blood corpuscles. Chlorates are also irritating to the genito-urinary tract 
and to the kidneys. The probable lethal human dose is 50-500 mg./kg. 


Safety Classifications: 


OSM: Class 1. Class 2 when not packed or stored in original containers or 
equivalent. 

ICC: Listed under “Explosives and Other Dangerous Articles” and classed 
as oxydizing material: yellow label. 

Fire and Explosion Hazard: Potassium chlorate is exploded by shock, or heat, 
and when rubbed in the presence of organic or reducing materiai (sugar, 
charcoal, shellac, sulfur, starch, sawdust, H.SO,, NH, compounds, cyanides, 
phosphorus or antimony sulphide). KC10, is sensitive to friction. Chlorate 
fires should be fought with large streams of water or with water fog. Note. 
See references for srporiant precautions in the handling of potassium 
chlorate alone and with mixtures. The danger of spoutaneous combustion 
with sulfur is greatly reduced by the addition of pcetassium bicarbonate. 

Explosive Tests on Specification Grade Potassium Chlorate: 

Explosion Temp. Test (5 sec. value), °C: 487 
Impact Test Values: (10% point) 
P.A. Apparatus, 2 kg. hammer 


(22 mg. charge) ; in: 464+ 
B.M. Apparatus, 2 kg. hammer, cm: 100 +. 
Use in Pyrotechnics: As an oxidizer and to impart a purple-red color to burning 
compositions. 


Additional References: 

1) “The Formation and Decomposition of Potassium Perchlorate anu a 
New Determination of the Heat of Decomposition,” C.A. 27, 1264 
(1983) 

2) “Refinement of the Crystal Structure of Sodium Chlorate and Potassium 
Chlorate,” J. G. Bower et al., Univ. of California, AFOSR Number 
TN-59-104, ASTIA Document Number AD 210, 386 (1959) 

3) “Hygroscopic Properties of Sodium, Putassium and Ammonium Ni- 
trates, Potassium Chlorate ana Mercury Fulminate,” G. B. Taylor and 
W. C. Cope, Met. & Chem. Eng. 15, 141 (1916) 


4) G. Ramachandran and M. Lonappan, Acta. Cryst. 10, 281 (1957) 
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POTASSIUM NITRATE, KNO, | Refs. —- 
(Saltpeter, Niter) 1,29 i 
Percent Oxygen: 47.48 | 
Specification No.: MIL-P-156B | 
The spec. covers three classes of about equal purity but of different granu- 
. : lation. Clags 2 is used in pyrotechnics. 
: Molecular Weight: 101.10 
Crystalline Form: rhombic or trigonal 1 \ 
Color: colorless 1 } 
Density, g./ml.: (solid) 2.109; (liquid) 2.128 - .755 « 10°*t°C 1 | 
} (over the range 350-565°C) | 40V2 
Coefficient of Thermal Expansion, cubicai, 0--100°C: 1967 x 10-7 1 ‘ 
: See also Ref. 54V2 
it Heat of l‘ormation, Keal./mole at 298°K: ~117.76 1,9 
Free Energy of Formation, Kcal./mole at 298°K : -93.96 1,9 
Entropy, cal./deg./mole at 298°K. 31.81 8 
See table below 
Melting Point: 611°K (388°C) q \ 
Heat of Fusion, cal./mole: 2800 4 j 
| Boiling Point: decomposes at 1 ‘ 
678°K (400°C) { 
| Transition Point: ato Rai 401°K (128°C) 4 | 
Heat of Transition, cal./moic: 1400 | 4 | 
Heat of Subtimation: — 
HEAT CONTENT AND ENTROPY OF KNO; (c, !) 4 - 
(Base, e—crystals at 298.15°K) ; 
° T, °K Hy — Waoe.15 Sr- , °K Hy ~ Hogs. :5 S:—Sys15 ! 
cal./mole cal./mole cal./deg, : 
mole 
350 .... 1230 ~ 380 | 600..... 3650 22.36 
400 ..... 2460 $970 22.87 : 
; 401 (a)... 2520 : 12,770 27.45 } 
401 (8)... 3920 TSN FOO eae 15,400 31.46 
500. 6780 6 ee 


KNOs (a) : | 
Enthalpy : Hr - Hoos,15 == 14.55T + 14.20 x 19-*T?—- 5600 (0.1 percent ; 298-401°K )} 
Heat Capacity: C, == 14.65 + 28.40 x 10°T 

KNOs(8) : 
Enthalpy : Hr ~ Hoos, 15 == 28.80T — 7625 (0.1 percent ; 401-611°K) | 


KNO, (1) : | 
Enthalpy : Hy ~ Haoe.15 == 29.50T — 5250 (0.1 percent ; 611--700°K) 
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Potassium Nitrate, KNOs (page 2) 


Heat Capacity, cal. /‘deg./mole: (solid) a = Sg (liquid) 29.56 | 4,5 
B = 28. 
See table abcve 
Decomposition Temperature, °C: 400 1 


Decomposition Products: From 650 to 750°C. The products of decomposition | 85 
are KNO, + 0 + traces of NO,. At 800°C decomposition is more extensive 
with KNO, decomposing to form K,O, N, and QO. 

For DTA and TGA see Refs. 38 and 47 

Vapor Pressure: — 

X-Ray Crystallographic Data: 

Molecules/ 1 
System Space Group a Axial Angle Unit Cell 
hexagonal cs, 4.365 a= 76° 56’ 1 

Hygroscopicity: Gain in mg./g. at R.T. after equilibrium has been established | 32 

in vacuum dessicators. 


24hrs. equil.|24hrs. equil. 


Critical R.H.: Specification grade, 91.44% at 20.0°C 32 
Purified material, 91.8% at 26.2°C 
Water absorbed by 2.0000 g. at 25°C (0.P. material) : 


~~ ‘Fineness Hrs. ~ H,O absorbed, g. 
40-80 mesh 284 0.0147 
1884, 0.1186 
2514 0.1527 
428/, 0.2687 
Ae ee eee 0.2896 nae 
ground WY 0.0458 
very 16 0.1056 
_fine AO —0.2580 ws 
Specification Grade, gain % at 70°F 
and 90% K.H.: 0.76 88 
ea aa In water (g.100/mi.): 13.3 at 0°C, 831.6 at 20°C, and 247 at | 1 
100° 
In alcohol and ether: inso: .ble 


Health Hazard: Ingestion of large amounts may cause violent irritation of the | 12, 29, 98 
intestinal jining. Prolonged exposure to small amounts may result ia anemia 
and nephritis. Moderately poisonous on ingestion or inhalation. ! 
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Potassium Nitrate, KNQ, (page 3) 


Safety Classifications: 
OSM: Class 1. Class 2 when not packed or gtored in original shipping 
containers. 
ICG: Lasted under “Explosives and Other Dangerous Articles” as oxidiz- 
ing materia! ; yellow label. 


Fire and Explocion Hazard: Dangerous, as it is a fire and explosion hazard. As 
an oxidizer it can give up its oxygen to other materials to produce a vigor- 
ous reaction which may result in detonation. Toxic fumes are emitted on 
decon position. 

Potassium nitrate is a strong oxidizer, sensitive to shock, and can be easily 
detonated. When mixed with fiammable materials it becomes very sensitive. 


‘- Electrostatic Sensitivity : —- 
Use in Pyrotechnics: As an oxidizer and to impart a purple-red color to burning 
compositions. 


Additicna) References: 


1) “The Kinctics of Thermal tihng ora of Pctassium Nitrate and of 
an Reaction between Potassium Nitrate and Oxygen,” E. Freeman, J. 
Am. Chem. Soc. 79, 888 (1957) 


2) “Simple Method for Derivative Thermal Analysis,” E. Freeman and D. 
Edelman, Anal. Chem. 31,624 (1959) 


3) “Instrumentation and Applications to Thermogravimetry and Differen- 
tial Thermal Analysis,” C. Campbell ec al., Anal. Chem. $1, 1189 (1959) 


4) “A Thermoanaiytical Study of the Ignition and Combustion Reactions 
of Black Powder,” C. Campbell and G. Weingarten, Trans. Faraday 
Soc. 58, No. 444, 2221 (1959) 

5) “Hygroscopic Properties of Sodium, Potassium and Ammonium fi- 
trates, Potassium Chlorate and Mercury Fulminate,” G. 8. Taylor and 
W. C. Cope, Met. & Chem. Eng. 15, 141 (1916) 
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POTASSIUM OXIDE, K,O 


(Potassium Monoxide) 


Specification No.: —_—- 


Molecular Weight: 94.20 

Crystalline Form: cubic 

Color: colorless to grey 
White at ordinary temp., yellow when hot. 

Density, g./ml.: (solid) 2.32° 


Coefficient of Thermal Expansion: as 
Heat of Formation, cal./mole at 298°K: -86,400 (+ 2000) 


See table below 
Free Energy of Formation, cal./mole at 298°K : -76,300 (+ 2800) 
See table below 
Free Energy Equations: 
Reaction Range of Validity, °K 
1) 2K (c) + 4% Os (g) = K;0 (c) 298.16-336.4 
AF 2 =~ 86,400 + 33.90T 
2) 2K (i) + % Os; (g) = K;0 (c) 336.4-1049 
4 FQ =~ 87,380 + 1.15T log T + 33.90T 
8) 2K (g) + % Os (g) = K,0 (c) 1049-1500 


4 Fg =- 108,090 -16.12T log T + 129.64T 
HEAT AND FREE FNERGY OF FORMATION OFK,0 (c) 


T, °K AH (cal./mole) 

298.16 ~86,400 (+ 2900) 

836.4 6,400 ~16, 

356.4 37,600 —75,000 

B00 eas -87,600 ~—72,600 

500 ..... ~87,600 —68,°90 

600 ..... ~-87,700 —65,100 

700 ..... -87,700 61,400 

800 ..... -87,800 —57,600 

900 ..... ~87,800 ~53,800 
1000 ..... —87,900 —50.000 
1049 ..... 87,990 48,299 
1049 ..... ~125,800 —48, 201) 
1100 ..... ~125,400 —44,400 
1200 ..... -124,700 —37,100 
1800... . » —124,000 29,800 
1400 ..... : —128,800 —22,600 
1600 ..... —122,600 —15,400 


Phaze ch-nges of Metal 
M.P., 336.4° : & H = 568 cal./g.-atom 
B.P., 1049°K; A i? = 18,925 cal./g.-atoi 
i 
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Potassium Oxide, K,O (page 2) 


Entropy, cal./deg./mele at 298°K: 23.5 = 2.5 
Melting Point: —- 

Heat of Fusion: not obtainable 
Boiling Point: — 
Transition Point: 1258°K (980°C) 
Heat of Transition, Keai./mole: §.8 


Heat of Sublimation: —_—~ 
Heat Content or Enthalpy: — 
Heat Capacity: — 
Decomposition Temperature: below 763°K 
at 1750 + 100°K 
Decomposition Products: — 
Vapor Pressure of alkali oxide and alkali metal in ont with solid alkali oxide, 
atm. at 1000°K (calcd.) : 
X-Ray Crystallographic Data: 
System Space Group a Molecules/Cubis Cell 
cubic 6.436 
sia ae Reacts with water to form KOH with evolution of considerable 
eat. 


sae ed Data: Very soluble in water and is slightly soluble in alcohol and 
ether. 


The heat of solution in water, Keal./mole: 15 

Health Hazard: Has a caustic reaction on the skin and respiratory system. 
Because it causes dermatitis, avoid its dust and treat exposed skin with 
large quantities of water. 

Safety Classifications: 
OSM: not listed 
ec: not listed 
Caustic potash liquid is classitied under “Explosives and Other Dangerous 
Articles” as a corrosive liquid. 

Fire and Explosion Hazard: Considerable heat is developed by reaction with 
water. Highly caustic. 

Electrostatic Sensitivity : — 


Use in Pyrotechnics: a product of burning 
potassium compounds 


Additional References: 


1) “Stability of Sulid and Gaseous Alkaii and Alkaiine Earth Oxides,” L. 
Brewer and D. F. Mastick, J. Am. Chem. Soc. 78, 2045 (1951) 
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Addni. Ref. & 


44V22 I 
12, 25, 29 


12 


POTASSIUM PERCHLORATE, KCIO, Refs. | 
(Potassium Hyperchlorate) 


Percent Oxygen : 46.19 
! Specification No.: JAN-P-217 (2) . 
The spec. covers one grade and four granulations. 
Molecular Weight: 138.55 
; Crystalline Form: rhombic 1 
Color: colorless i 
Density, g./ml.: (solid) 2.52 1 
' Coefficient of Thermal Expansion, cubical, 
from ~-78° to + 18°C: 14 x 10% 44V22 i 
Weat of Formation, Keal./mole at 298°K: ~103.6 1,9 
i Free Energy of Formation, Kceal./mole at 298°K: ~72.7 1,9 
(r Entropy, cal./deg./mole at 298°K : 36.1 1,3,9 
i Melting Point: 337°K (610 + 10°C) 1 
Literature values vary from < 400° to 610°C, with and without mention of | 65 
; decomposition. 
Heat of Fusion: — 
Boiling Point: decomposes at 
926°K (653°C) Addn. Ref. 7 
Transition Point: a (rhombic) to 6 (cubic) 
at 572°K (299°C) 9 

Heat of Transition, Kcal./mole: 3.29 9 
' Heat of Sublimation : — 
Heat Content or Enthalpy: — 
Heat Capacity, cal./deg./mole: (solid) 26.33 4,9 

Adan. Ref, 4 


: Decomposition Tem-erature, °C: Starts at about 539° and is complex. 47 7 
See Addnl. Kef. 10 for TGA ~q 
Heat of Decomposition of Perchlorates, Kg. cal./mole (constant volume) at | Addn. Ref. 8 


room temperature, KCIO, —» KCIO2 + O,: 3.73 

; Decomposition Products: Kel + 40 20 
Vapor Pressure: 

i See 54V1 

{ X-Ray Crystallographic Data: 

i Moleculer/ 

System Space Group a b c Unit Cell 

rhombic vis 8.834 5.650 7.240 4 

j cubic (340°C) Tj or T? 7.47 Addnl. Ref. 9 
" Dig 8.857 5.683 7.254 4 | 91V6 
i 
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Potassium Perchlorate, KCIO, (page 2) 


Hygroscopicity: Gain (mg./g.) at 23-3°C and 93% R.it. after equilibrium has 
been established in a vacuum desicztor. 


Spec. grade, after 24 hrs. : 1 
Purified, at equilibrium : <1.0 
Critical R.H. of spec. grade material: 99.3% at 26.2°C 
Solubility Data: In water, g./160 ml.: 0.75 at 0°C 
and 21.8 at 100°C 
Solubility in Nonaqueous Solvents at 25°C: 
Solvent g./100 g. of solvent 

Acetone 0.155 

Eethy] acetate 0.0015 

Ethyl alcohol 0.012 

Ethyl ether insoluble 

Methy] alcohol 0.105 

Ethyl glycol 1.03 


Health Hazard: Moderately toxic and irritating to the skin, mucous mem- 
branes, and respiratory tract. It may affect the kidneys. Avoid contact with 
KCI0,. The probable lethal dose for humans is 50-500 mg./kg. 


Safety Classifications: 

OSM: Class 1. Class 2 when not packed in original shipping containers or 
equivalent. 

ICC: Listed under Explosives and Other Dangerous Materials. Classed as 
oxidizing material ; yellow label. 

Fire and Explosion Hazard: A fire and explosive hazard, particularly when 
mixed with organic material, finely divided metals or sulfur. When heated 
it emits highly toxic fumes. For fighting a fire or potassium perchlorate 
alone use water. 

Electrostatic Sensitivity : — 


Impact Tests: Charge weight = 0.023 g. 
Bureau of Mines Apparatus, 2 kg. wt., cm.: (10% point) 100 + 
P.A. Apparatus, 2 kg. wt., in.: (10% point) 40+ 

Use eee nal: As an oxidizer and to color burning compositions purple- 
red. 


Additional References: 
1) Ref. 47 


2) “Simple Method for Derivative Differential Analysis,” E, Freeman and 
D. Edelman, Anal. Chem. 31,624 (1959) 


3) M. M. Markowitz, J. Phys. Chem. 61, 505 (1957) 


4) L. L. Bircumshaw and B. H. Newman, Proc. Royal Society (London) 
A227, 115 (1954) 


5) A. FE. Harvey etal., J. Am. Chem. Soc. 76,3270 (1954) 
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93, 12, 29, 65 
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Potassium Perchlorate, KC, (page 35} 


6) “Precise Studies of the Crystal Structures of Lithium Perchlarate Vri- 
hydvate, Anhydrous Lithium Perchlorate, and Potassiam Perchlorate,” 
R. J. Progen and K. N. Trueblood, Perchlorates TN-2, OSRYN 56-563, 
ASTLA Document No. AD 110-884 (1956) 

C. Duval, CA. 42, 3698 (1948) 

K. A. Hoffman and P, H. Marin, C.A. 27, 1264 (1932) 

“The Crystal Structure of Potassium Verchlorate--HWCiQ,,” NV, Mani, 
Vroeeedings of the Indian Academy of Science, pp. 143-151 (1887) 
10) Anal. Chern. Acta 2, 165 (19.42) 
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(For trade mames and manufacturers, see Hef. 60) 


Shellac is a variable natural product voramed from various species of 
Acacie. 
Shellac is tiie only resinous substance of animal origin. [t is produced by | 15, 20, 79, 
an insect (Tachadia iacea) which lives on certain trees of southern Asia. The | 52V7 
insect takes up sap through its stinger and after a semi-polymerization process 
exudes it as 2 gum. This lac secretion coats their bedies and the twigs of the 
trees with a heavy inerustation which is scraved off and forms the commercial 
stick iac. This contains not only the jac resin but also woody matter, lac dye, and 
the bodies of insects. The seed lac is ground and washed to remove the wood 
and most of the coloring matter. Shellac is prepared from the seed lac by melt- 
ing or by extraction with soivenis. The mc'ton materia] is spread over a hot 
eylinder, streiched, and cooled. The cooled sneet is then broken into flakes of 
shellac. After purification, shellac varies in color from « ange to lemon yellow. 
Orange shellac may contain as much as 1% of powdered orpiment (As.0s). 
Chemically, shellac contains condensed jong chain esters of condensed poly- 
hydroxy acids togather with rosin and wax. By solvent action the v-ax content 
ef the seed lac is reduced te 1%. Shellac is graded by color and amount of dirt. 
The best. grade contains no resin, but in inferier grades the resin content may 
be as high as 12%. 


Characteristics of Shellac (analytical) : 


SHELLAC | Refs. 
i 


Acid Number: 48-64 13 
Ester Number: 137-63 1 
Saponification Number: 194-213 1 
Iodine Number: 185- 210 29 
Specification No.: MIL-S-20526 
(Includes U.S. Army Specification No. 50-11-17A) 
The spec. covers three grades which differ in purity. Grade A is used in 
both primer pyrotechnic compositions. Grade A includes the giades of 
orange shellac known as “Double Triangle G,” “Diamond I,” “Superfine,” 
the highest grades, “D.C.” and “V.S.0.” The so-called machine-made shel -- 
lacs, such as “CV” and “CVTN,” in generai fall under Grade A. 
Molecular Weight: — 
Crystalline Form: 
Crlor: pale orange to 
lemon yellow 59 
Density, g./m.: (solid) 1.08-1.13 1 
Coefficient of Thermal Expansion: 
Heat of Formation: — 
Free Energy: paces 
Entropy: 
Melting Point: indefinite 388-393°K 
(115-120°C) 20,9 


Heat vf Fusion: 
Doiliny Point: decomposes 
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Shellac (page 2) 


Transition Point: 

Heat of Sublimation: 

Heat Content or “isthalpy: 

Tleat Capacity: 

Decomposition “ernperature : 

Decomyosition Products: 

Vapor Pressure: 

X-Ray Crystallographic Data: 

Hygroscopicity: Nonhyyroscopic and not altered on 
Solubility Data, g./100 g. solution: 


In water: 
In aleoho!: 


In ether: 
In benzene: 
Sparingly soluble in ci! or tuxpentine. Soluble 


alkalies, or borax. Solubility in petroleum ether, 2-6 g./100 g. solution. 
Soluble in the lower aliphatic alcohols but not in hydrocarbons. 


Health Hazard: 
Safety Classifications: 
OSM: 
ICC: 


Fire and Explosion Hazard: Easily ignited and continues to burn. 


Ignition Temp. of Dust Cloud, °C: 
en Explosive Concentration of Dust, 
mg./l.: 


Electrostatic Sensitivity, minimum energy required for ignition of dust cloud 


by eiectric sparks (millijoules) : 


vse us “vrotecinics: As a Giuuer, a fuel retardant, and to reduce absorption | 20V1, 20V3 


exposure to the air. 1 
29 
insoluvle 
85-90 
(very slowly soluhle) 
13-15 
10-20 
in aqueous ethanolamines, | 29, 59 
none 
not listed 
not listed 
60 
390 26 
15 | 26 
10 26 


of moisture, It is applied as an alcoholic solution. The alcohol is allowed to | 


evaporate after application. 
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SHEICON, Si 


J AN-S-230 and 


Specification No. : 
Amendment i 


Amendment i iists two grades differing slightly in purity, and four classes 
differing in granulation. 


Molecular Weight: 23.0% 
Crystalline Form: Needile-like crystals or ccalahedral platelets (cubic). Occurs | 1, 29 
in three forms; adamantine (cubic), amorphous, and graphitoidal. 
Color: Lustrous black tu gray. The amorphous form is a dark brown powder, | 1, 29 
steel grey, black plates. 
Types and Differences of Behavior: Brown amorphous silicon dissolves in | 16, 29 
molten metals and burns in air to form SiO.. Black, shiny graphitoidal sili- 
con is not easily oxidized and Lot attacked by the common acids, but is 
soluble in alkalies. Crystalline silicon is obtained in dark, steel-grey globules 
or six-sided pyramids. it 1s less reactive than the amorphous form, but is 
attacked by boiling water. The three torn's are obtained by reduction. Com- 
mercial silicon is the graphitoidal flake form and when refined contains 
87% Si and leas than 1% iron. 
Density, g./ml.: (solid) adamantine, 2.42 1 
amorphous, 2.00 
graphitoidal, about 2.4 
Coefficient of Thermal Expansion, linear at 25°C: 4.2 x 10° 29 
40°C: 7.63 x 10°6 1 
Heat of Formation, Kcal./mole at 298°K: (gas) 880.4 1,9 
Free Energy of Formation, Keal.,/)mole at 295°nR : (gas) 77.41 1,9 
Entropy, cal./deg./mole at 298°K : (gas) 40.12 1, 5,9 
(c) 4.53 1,5,9 
See Table a 
Meiting roint: 1000°H (1412°C) 4 
Heat of Fusion, cal./mole: 12,100 4 
Boiling Point: 2950°K (2677°C) 5 
Heat of Vaporization, Kcal./mole: about 72.6 40V2 
Transition Point: none up to 1273°K Addn. Ref. 1 
(1000°C) 
about 2873°K (2600°C) 40 
Heat uf Sublimation, Kceai./mole: (monatomic Si) 105 5 


Heat Content or Enthalpy, cal./mole at 298°K: 


(solid} 769 


Akin SB ac 


Silicon, Si (page 2) 


a, HEAT CONTENT AND ENTROPY OF Si Cc, 1) j 4 
(Base, crystals al 298.15°K) | 
“SRER ea Ha ie: See Sacae | i) cua; eos | ene <n 
cal./mole cal./deg. | cal /mole cal. /deg. 
me fins mole _ soba OO 
AO... 515 1.48 1400 22... 6680 9.04 
500.0... 1066 2.69 1500 7340 9.49 
G00 2... 1620 3.75 1600 ..... 8010 9.92 
TWO ....., 2220 4.64 1685 (c) 8580 10.27 
800 ..... 2830 5.46 i685 (1) 20,680 17.45 
900 . 2... 3450 6.19 1700 1... .. 20,770 17.50 
1000 ..... 4080 6.85 180G ..... 21,380 17.85 
1100 2... 4720 7.46 1900 21,990 18.18 
P2008 ce a 5360 8.02 I BB00. 3 Sy 4 22,600 18.49 
1300 2.2... 6020 8.55 | 
Sife): 
Enthal,-y - Hr—- Hyg 13 = 5.70T 4- 0.85 x 10°T? + 1.04 x 195T-1- 2079 
(0.3 percent ; 298-1685°K) 
si2at Capacity: C, == 5.70 +970 x 103T — 1.64 « 105T? 
Si (1): 
Enthalpy: Hr~ Hoog,15 == 6.10T + 10,400 (0.1 percent; 1685-2000°K) 
Heat Capacity : C, 6.10 
b. HEAT CONTENT AND ENTROPY OF Si (z) 4 


(Base, ideal gas at 298.15°K) 
~T,°K eS ; eee ee ae a a 


cal./mole cal./dee. cal./mole 
mole 

400 ..... 535 8140 

5CO 1... 1045 8665 

60u ..... 1555 9715 

700) oo g.eacs 2060 10,780 

800 ..... 2560 11,850 

900 ..... 3060 12,935 
1000 ..... 3565 14,020 
1100 ..... 4065 16,765 
1Z00 ..... 4dbo 19,520 
1800 . 2... 5070 22,280 
1400 ..... 5575 25,040 
1500 . 2... 6085 30,555 
1600 ..... 6555 36,105 
1700 2... 7105 41,845 
1R09 2... 7625 
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HH, _ Hyos.15 Sr ee Soos.1s 


cal./deg. 
mole 


9.43 

9.70 
10.20 
10.67 
11.10 
11.50 
11.87 
12.71 
13.45 
14.10 
14.69 


Si (Zz): 
Enthulpy : Hy~ Haeos as: 4.82T 4.09 d¢ 10 8T?-. 0.42 >. 108T 1304 
(0.2 perrent ; 298-50006K ) 
Heat Capacity’ C, 4.82 +. 0.18 x 10ST + 0.42 ¢ 105T ? 


Heat Capacity, cal./deg./mole at 298°K: (solid) 4.80 
Ciquid) 7.0 
(ges) 5.32 


Also see above 
Decornposition Temperature: —-- 
Decomposition Products: Seat 
Vapor Pressure: 


Silke my Si Cage 3) 
” 


~ Presa.mm. i 10 40 00 00H 
_ Temp. °C 724 "T6868 200 2083 2220 82ST 
at melting point, mm. 0.075 
X-Ray Crystatlavraphic Date: 
System Space Group a Atoms/Unit Cell 
cubic OF 5.4178 8 1 
Hygrosecupicity (uulled Si}, cumulative increase in weight alter: 
storage over H,0 for 18 days 3 days in oven at 105°C 
45 Jo. 0.4% 50 


(Some caking OL powder muvced.} 
Solubitity data: 


tm water: insolubie 1 

In molten alkali oxide, HF: soluble 29 
Heaijth Hazard: slight 12, 25 
Safety Classifications: 

OSM: Class 

Icc: not listed. Probably classed 

as a flammab!e solid 
ULN.: inflammable solid 


Fire and Explosion Hazard: Powdered silicon when heated in the air isa dan- [12,14 
gerous fire hazard. It burns with intense hea: and reacts explosively with 
VAIMIOINY Luar, 1d6S, SN Vi wees oy ods. Prevent water from contact- 
ing the material. Store anu ,.cccww ui, . « coom or building adequately 
vented at the highest point. to prevent accumulation of hydrogen gas which 
results from the reaction of powdered metal and moisture, In the repair or 
maintenance of buildings or equipment, powder or dust should be removed 
and nonsparking tools used. 


The powder is moderately explosive. 49, 51 
Flectrostatic Sensitivity, minimum energy required for ignition of powder by 

electric sparks, millijoules for dust cloud: 80 2A 
Ignition Temperature, °C: (dust cloud) 775 26 

(dust layer) 950 

Minimum Expiosive Concentration of powdered 

silicon, mg./I: 100 26 
Use in Pyrotechnics: as a fuel 


Additional References: 
1) J. Phys. Chem. 60,509 (1956) 


258 


SILICON DIOXEDE, SQ. 


(Quarts, Siliea, Silicie A uhvdride, Rock Crystal, Cristebalite) 


Percent Oxyyen: DS.25 
Specification No.: asians 
Molecular Weight: 60.06 
Crystalline Form: 

Type of SiO, crystalline Form Density M.P.°C 
cristobalite cubic or tetragonal 2.32 1710 
lechatelierite 2.20 
quartz hexagonal 2.653-2.660 < 1470 
tridymite rnombie 2.28-2.33 167 

Color: colorless 


Density, ¢./ml.: 
See table above 
Coefficient of Thermal Expansion: 
quartz (c), -190° to + 16°C: 
parallel to axis, 3 80°C: 
perpendicular to azis, 0-80°C: 
fused, -191° to -+ 16°C: 
6-80°¢ 


er. 


0-1200°C:: 
cubic expansion, quartz, 50-60°C : 


Heat of Formation, Keal./molc at 298°K; 


Free Energy of Formation, Keal./mole at 298°K : 


(solid 2.653-2.660 


5.21 & 108 
7.97 >< 106 
13.387 x 10% 
0.256 « 10-6 
0.42 «10% 
0.50 « 10% 
0.546 x 10°6 
0.685 « 10° 
0.3530 « 10-4 
quartz, --205.4 
cristobalite, --205.0 
quartz, -192.4 


cristobalite, —192.1 
tridynite, -191.9 


a. HEAT AND FREE ENa@RGY OF FORMATION OF SiO, 


(a-quartz, @—quartz, 1) 
T, °K AH (cal./mole) 
oO... —209,9%9 (+ 1000) 
400 ..... ~209,900 - 
BOO 2 oo ~209,800 
600 ..... ~209,700 
700 ..... ~209,500 
800 ..... ~209,200 
B48 2... ~209,000 
848 ..... ~208,70u 
900 .. 2... ~208,600 
1000 ..... —-208,400 
1100 2 2 ~208,300 
1200 ..... -208,100 
1300 . 2... -207,960 
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A Foe (cal./mole) 


*ae OF “4 1000) 


192,506 
-188, 200 
-183,800 
-179,500 
—-175,200 
~173,206 
-173,200 
-171,000 
--166,800 
-162,760 
-158,500 
-154,400 


Silicon Disvide, SiO, (page 2) 


oe ae se oe 


207,800 


AH (cal./mole) 
~207,600 
~207,400 
~207,300 
~218,100 
~218,300 
--218,200 
-218,100 
~2.16,000 
-215,900 
—215,200 


A F® (eal./mole) 

150,800 
~LAG, LOO 
-- 4.42, 106 
-138,700 
~138,700 
~—1388,000 
~-133,200 
~129,300 
-129,300 
~128,500 
~122,900 


Phase changes of Oxide 


T.P. (aquartz to B-quartz) , 848°K ; A H == 290 cal./mole 
T.P. (s—quartz to 8-tridymite), 11-10°K ; AH = 189 cal./mole 
M.P., 1883°K ; A H == 2040 cal./mole 


a 


ce eee 


oe oe we 


a er. 


oe ewe 


a 


oe ewe 


er 


re 


oe ewe 


AH (cal./mole) 


(a—cristobalite ; 8-cristobalite) 


~209,550 (+ 250) 

-209,600 
-209,500 
-209,450 
-209,250 
-209,100 
~208,900 
-208,700 
-208,500 
-208,300 
-208,100 
-207,350 
- 207,750 
—20% 550 
~ 207,359 
-207,200 
-207,050 
-218,150 
-218,100 
-218,000 
—217,850 
~217,700 


Phase changes of Oxide 


T.P., 523°K ; a H -= 200 cal./mole 
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b, HEAT AND FREE ENERGY OF FORMATION OF SiO, 


A F° (cal./mole) 
-196,650 (+ 300) 


~192,200 


-123,950 


| 


Silicon Paice, Si@, (gage 53) 


ce URAT AND (REE TONEY © oo BOER ON TRON Ob Bdge, 


Ce triad eo leei, t} 


rok oo 2 AY ( al/enes ) . Vo fendered | 
ROBT... BON MOO ( LOG0) SWoad 1 16609) 
INO no 2 ~209 400 UP 
390 2. ea 209,400 i { 
400 . 2... 409,400 i 
Fh en - 209,200 
600 .. 0. 2, TOO 
706 . 2... BQ 900 PTO TOO 
800 . 2... BOG, TQ 175,200 
900 . 2... ~2.98,500 ATL UG 
1000 ..... ~ 208,300 -166, 800 
1100 7... —208,100 162,700 
4200 ...., ~207,900 -158,600 
1200 2.2... 207,700 154,400 
1400 ..... —-207,500 ~159,490 
' 1500 1... -26 7,300 146,00 | 
: 1600 ..... ~207, 200 -142,200 
1683 ..... —207,000 -188,800 
1683 ..... - 218,100 ~ 188,800 
1700 1... -218,000 -138.000 
: 1800 ..... -218,000 ~13,5,400 
1960 .. 00. ~217,800 -128,700 
1958 ..... -217,700 ~126,200 | 
1958 ..... ~-215,600 126,290 
2000 ..... ~215,200 - 128,900 
Phase changes of Oxide 
T.P. (a-trid.+o @-trid.),390°K ; 4 H==40 cai./mel: 
' T.P. \g-trid. to 6-crist.), 1748°K ; A H== 30 ca:./mole 
M.P., 1953°K; 4 H == 2150 cal./mole | 
Free Energy Equations: | 
Reaction Range of Validity, 0% 
1) Si (c) + Oc (g) = SiO» («quartz) 298.16- 848 
AFP ==~ 210,070 -- 3.98T log T- 3.32 (10 9T?) 4+. 6.05 (10°T ') 4 24.597 | 
2) Si (c) + O» (g) ==SiO, (B-quartz) 848-1683 | 
A Fy -= ~ 209,926 —3.36T log T-.19 (10 8T?) —.745 (JOT 1) | b3.44'P | 
3) Si (1) + O2 (g) = SiO, (f-quartz) *6838-18°3 
AF 2==-219,000 + .58T log T -.47 (10 88?) - 20 (10°T 1) +. 46.08T | 
4) Si (1) + O2 (g) = SiO, (1) 1883-2000 | 
A FS =:~ 228,590 - 15.66T tog T+ 103.977 
5). Si (c) + O2 (g) — SiO: (a-cristobalite) 298.16-523 | 
A FS == ~ 207,330 +. 19.96T log T ~9.'75 (10 °T?) —.745 (16°T 1) — 9.78T | 
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Siivew Dioxid:, SO. (page 4) 


6) St (ce) + Oy (g) -= SiO, (f- eristobalite) 523-1683 
A FS = - 209,820 -3.34T log T-.24 (20 YP") - 745 (10°R 4) 4 53.35T 
Ty SO) > O. (we) == S10, ¢f — istobalite) 1683.-2900 
A F3----218 990 + 60 log T- .62 (20714) — 20 (10°T *) 4. 46.49T 
8) Si (ce) +. O. (,) = SiO, (atridynii _) 2.98.16-390 
4 P= ~ 207,080 -+ 22.29T log F-11.69 (02) .745 (10°T") - 15.64T 
9) Si (ey -- Og (a) = SiO, (8-tridymite) 290-1683 
AV? ==- 209,356. 1.59T log T. .04 (1093T?) -.745 (10°T*) + 47.86T 
iG, S10) 4.6. (gk == SiO, §B-tridymite) 2683-1953 
A Bg: - 218.480 4. 2.35T log T—.82 (10-*T?) —.20 (105T) + 41.00T 
Eatropy, cal./deg./mole at 258°K: quartz, i9.06 1,9 
cristobalite, 10.19 1 
tridymite, 10.36 a4 


See Table d 
a ey . t 
Melting Point: 

See Crysiaiiine orm 


Heat of Fusion, Keal./mete at 298°K: quartz, 2.04 9 
eristobalite, 3.6 + 0.5 24 
Boiling Point: 2503°K (2230°C) 1 
Heat of Vaporization: ——— 
Heat of Sublinatior: —— 
} 
4. HEAT CONTENT AND ENTROPY OF SiO, (cristobalite) 4 
‘ Base, o-cr:gtals at 298 15°") 
ROK dy Aes St—Seese | 3 TOK Ae ~Hovars Sr-Seons 
cal./mole cal./dez. ca;./mole cal./deg. 
mole mole 
AOD oe. «1RRO 3.48 1200 ..... 14,080 20.90 
1, te eae 2760 6.48 1300 2.0L. 15,790 22.27 
FES feb oe, 2910 TAG 1400 ..... - 17,510 23.54 
B22 cA. dito §4 1306 2... 19,240 24.74 
MO 2... A310 9.82 1609 2... 29,990 25.87 
A | ee 4850 12.05 1700 2... 22,750 26.93 
R00 2... 7466 44.20 1800 ty 24,889 27.95 
WO, $050 16.12 1 4560 “ay 26.320 28.92 
WOO LL, 16 738 17 && | 2000 Piet 28,120 29.84 
FG. kas 12,236 19.42 H 


iO, (e-cristabalite) 
Enthaicy: He - Hosaa, - 1.2871 -} 10.53 ~« 10°%T* -2212 (10 percent ; 298-523°K ) 
Heat Capacity: C,-- 4.28 + 2) 06 « 10 °T: a Haas Ctransition) == 200 
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Silicon Dioxide, SiO, (page 5) 


SiO. (f-cristobalite) : 
Enthalpy : Hr — Haos.1s = 14.40T +- 1.02 & 10°°T? — 4696 (0.2 percent ; 523-2000°K) 


Heat Capacity: C, == 14.40 + 2.04 « 10°T 


e. HEAT CONTENT AND ENTROPY GF SiO, (gl) 4 
(Base, glass at 298.15°K) 
T, °K Hy - Fisgs.is St — Svos.t5 T, °K Hy - Hags.is Sr —Soos.15 
cal./mole cal./deg. | cal./mole cal./deg. 

mole mole 

400 ..... 1230 15,450 21.57 
500 ..... 2550 17,240 22.90 
600 ..... 3950 19.080 24.17 
100: gcccscare 5430 20,980 25.39 
800 ..... 6890 22,930 26.57 
900 ..... 8610 24,920 27.71 
1000 ..... 10,280 26,950 * 28.81 
1100 . 1... 11,980 25,010 29.87 

ui 1200 ..... 13,700 


SiO. (gl): 
Fnthalpy : Hr— Hoos 1s = 13.88T + 1.84 & 10°°T? -+ 3.45 x 10°T'2 - 5310 
(0.4 percent ; 298-2000°K) 


Heat Capacity: C, == 18.32 +.3.68 x 10°®T?-3,45 x 105T2 


f. HEAT CONTENT AND ENTROPY OF SiO, (tridymite) 4 
(Base, w-crystals at 298.15°K) 


T,°% Hy - Hags.1s Sr - Snoe.is T, °K Hy ~ Hoos. is Sr — Seea.15 
cai./mole cal./deg. | cal./mole ca /deg. 

mole mole 

350 ..... 585 1.81 1100 ..... 12,250 19.25 
£90 (a) 1085 3.16 1200 ..... 13,940 20.72 
390 (8) 1125 3.26 13800 ..... 15,650 22.09 
400 ..... 1270 3.63 1400 ..... 17,370 23.27 
500 ..... 2710 6.84 1500 ..... 19,100 24.56 
600 . 2... 4170 9.50 1600 ..... 20,8EC 25.69 
TWO .. 1... 5710 11.87 17QO 2... 22,610 26.75 
800 ..... 7320 14.02 1800 ..... 24,390 27.77 
$09 ..... 8950 15.94 1900 26,180 28.74 
1009 ..... 10,590 17.67 2000 27,980 29.66 

Si0,(e+tridymite) l, 


Enthalpy : Hy — Wap .s =: 3.277 + 12.40 >¢ 10*T?2-2077 (0.2 percent ; 298-390°K) 
Heat Capacity : C, = 3.27 -+ 24.80 x 10°°T; A Hse (transition) == 40 


SiO, (p-tridymite) : 


Enthalpy: Wi- Heasip =: 13.64T -++ 1.82 x 10°T? - 4395 (0.7 percent ; 590-2000°K 
‘feat Capacity: C, -: 13.64 + 2.64 « 10°T 
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Silicon Dioxide, SiO, (page 6) 


Transition Point, °K: c, HI 91) c, 11 846. c, I 1149 tridymite, c, I 9 
Heat of Transition, Keal./mole: 0.15 0.12 9 
Heat Capacity, cal./deg./mole: (solid) 19.62 
(gas) Tla 9 
See Tables d, e, f 
Decomposition Temperature: At 1173-1428°K and at 1900°K the gas is SiO. | Addnl. Ref. 3 
Decemposition P» ducts: — ° 
Dissoviation Pressures: 63 
Vapor Pressure: 
Press. mm. 10 40 109 400 760 M.P. 1 
Temp. °C 1782 1867 1969 2141 2227 1710 
X-Ray Crystallographic Data: 1, 18 
Space Molecules/ ‘ 
Substance System Group a b c Unit Cell 
f-cristobalite (at 290°C) cub oO; 7.12 — 8 
oe—quartz hex Di or D§ 4.903 5.393 3 
fp-quartz (at 600°C) hex Dé or DE 5.01 5.47 3 
a-tridymite rhomb 4, 988 17.1 163 -64 
f-trimydite hex 4 5.08 8.22 64 : 
Hygroscopicity: 
Solubility, Data: Soluble in HF; very slightly soluble in alkalies. Insoluble in | 1 
water and acide.For the effect of particle size on the svly. of amorphous 
SiO, in water see Addnl. Ref. 1. 
Health Hazard: Prolonged exposure to SiO, dust causes disabling pu!monary | 12, 14,25, 29 
fibrosis (silicosis). The presence of other dusts may reduce the action of 
the silica; this is particularly so with small amounts of Al dust. 
M.A.C., million particles per cu. ft. of air for an 8 hr. working day. 
Silica—high (above 50% free SiO.) : 5 
medium (5 to 50% free SiO.) : 20 
low (below 6% tree SiO.) : 50 
Safety Classifications: pone listed in OSM, ICC 
or U.N. 
Fire and Explosion Hazard: — 
Electrostatic Sensitivity : — | 
TEMPERATURE STABILITY OF ALLOTROPIC FORMS OF SiO, | Addni. Ref. 4 
Form Temperature Stahility 
Low (a) quartz Stable at atmospheric temp. and up to 
High (8) quartz 575°C 


Low (a) tridymite 


Stable from 578 to 870°C; capable of exis- 
tence above 870°C hut is not stable. 


Copatie of existence at atraospheric temp. 
an 


up to 117°C, but is not stable in this 


range, 
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Silicon Dioxide, SiO, (page 7) 


Lower-high (A:) tridymite Capable of existence between 117 and 163°C 
but is not stable in this range. 


Upper-high (f2) tridymite Capable of existence shove 163°C, and is 
a stable from 870 to 1470°C; above 1470°C is 
again unstable; melts at 1670°C. 


Low (a) cristobalite Capable of existence above 163°C, and up to 
200 to 275°C but is not stable in this range. 

High (g) cristobalite Capable of existence above 200 to 275°C, and 
ig stable from 1470 to 1710°C (M.P.). 

Vitreous silica Capable of existence at. atmospheric temps. 


and up to 1000°C and above, where it begins 
to crystallize with neeasurable rapidity, but 
ig an unstable undercooled liquid at all 
temps. below 171°C. 


; Use in Pyrotechnics: A product resulting from burning silivon or silicon com- 
pounds. 


Additional References: 
1) G. B. Alexander, J. Phys. Chem. 61, 1563-64 (1957) 
2) Ref. 44V15B , 
3) L. Brewer and D. F. Mastick, 7. Chem. Phys. 19, 834 ( 1951) 


4) “Crystal Chemistry in Ceramics: VI Polymorphism,” W, Hauth dr., 
Bull. Am. Ceram. Soc. 30, (5) 165-87 (1951). Cited by Ref. 65. 
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SODIUM, Na Refs. 


(Natrium ) 
Specification No.: JAN-S-328 
Molecular Weight: 22.991 
Crystalline Form: cubic 
Color: Silvery metal when freshly cut ; tarnishes rapidly on exposure to air, 1, 29 
becoming dull and grey. 
Density, g./ml.: (solid) 0.9725° 1 
Coefficient of Thermal Expansion, linear, 
-188° to --17°C: 6.2 « 10% 1 
Heat of Formation, Keal./mole at 298°K: (monatomic gas) 25.9 5 
(diatomic gas) 33.8 
Free Energy of Formation, Kcal./mole at 298°K : (monatomic gas) 18.595 | 5 
4 {diatomic gas) 24.685 
Entropy, cal./deg./mole, at 298°K : (monatomic gas) 36.71 5 
(diatomic gas) 33.8 
(c) 12.21 
See Tables a, b, and c 
Melting Point: 870.87°K. (97.81°C) 5 
Heat of Fusion, cal./mole: 622 4 
Boiling Point: 1178°K (905°C) 4 
Heat of Vaporization, cal./mole: 23,380 4 
Transition Point: — 
Heat of Sublimation, cal./mole: (monatomic gas) 25,900 5 
(diatomic gas) 33,800 
Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1532 


See Tables a, b, c, and d 


a. HEAT CONTENT AND ENTROPY OF Na (ce, }, g) 
(Base, crystals at 298.15°K) 


T,°K Hy - Hoos.is Sr—- Soseis T,°oK Hy — Hooa.is Sr—- S2oa.is 

cal./mole cal./deg. cal./mole cal./deg. 
Bel ie see ee ae eo eg Ss Ole. ; eaten! mole 
350 ....., 360 LU 1178 () 1... 6340 11.47 
871 (ec)... 514 1.54 1178 (7)... 30,220 31.82 
871 (lI)... 1136 3.21 1200 ..... 30,330 831.41 
400 ..... 1855 3.78 138u0 . 2... 30,825 31.80 
590 2 ww, 2095 5.44 1400 ..... 31,325 82.18 
600 ..... 2820 6.76 1600 ..... 81,226 32.52 
M00 2.0.0. 2520 7.84 1600 ..... 82,316 82.84 
800 ..... 4220 8.77 1700 2... 32,818 $3.14 
: 4910 9.58 1800 ..... 33,310 33.42 
5595 10.81 1900 ..... 38,808 33.69 
6295 10.98 2000 ..... 54,805 33.94 


i re nee cet 
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Sodium, Na (page 2) 

Na (ce): 
Enthalpy : H+ —Hoos.15s == 4.02T + 4.52 « 10°3T* — 1599 (0.3 percent ; 298-371°K) 
Heat Capacity: C, = 4.02 + 9.04 x 10°T 


Na (1): 
Enthalpy : Hr — Hoos.15 == 6.83T — 1.08 « 105T1~ 1107 (0.2 percent ; 371-1178°K} 


Heat Capacity: C, = 6.83 + 1.08 x 10°T2 


Na (g): ‘ 
Enthalpy : H+ - Hoos.15 = 4.97T +. 24,365 (0.1 percent; 1178-2000°K) 


b. HEAT CONTENT AND ENTROPY OF Na (g) 
(Base, ideal gas at 298.15°K) 


T, °K Hr - Hess.i5 Sr -- Soos.is Hy — Hoge.is 
cal./mole cal./deg. cal./mole 
mole 
400 ..... 565 1.46 1900 ..... 7960 
500 ..... 1005 2.57 2000 ..... 8460 
600 ..... 1500 3.48 2200 ..... 9455 
700 ..... 1995 4.24 2400 ..... 10,450 
800 ..... 2495 4.90 2600 ..... 11,450 
900 ..... 2990 2800 ..... 12,455 
1000 ..... 3000 ..... 13,470 
1106 2... 3500 ..... 16,055 
1200 ..... 4000 ..... 18,770 
1300 ..... 4500 ..... 21,700 
1400 ..... 5000 ..... 25,015 
1500 ..... 6000 ..... 33,755 
1600 ..... 7000 ..... 46,850 
1700 ..... gs000 ..... 65,295: 
1800 ..... 


Na (g): 
Ents py: He—-Hoag.15 == 4.97T — 1482 (0.1 percent , 298-8000°K) 


c. HEAT CONTENT AND ENTROPY OF Na, (g) 
(Baxe, idea! gas at 298.15°K) 


T oK Hr asl Hoaps.is S.- Soos.in 2 Haps.15 
cal]./mole cal./deg. cal./mole 


400 ..... 920 
500 1825 
600 ..... 2785 
700 3355 
R00 2... 4580 
BOU 5600 
1000 ..... 6435 
1100 2... 7360 


Sy — Sr9s.15 
cal./deg. 
mole 


2 eae eee ge Meta se 


Sedium, Na (page 3) 


Na;(z) 
Enthalpy : Hy — Hoos,15 = 8.96T + 0.18 x 10°*T* + 0.10 % 10°T1- 2721 
(0.1 percent ; 298-2600°K) 


Hest Capacity : C, = 8.96 + 0.86 x 10°T — 0.10 x 10°T* 


Addnl. Ref. 2 


Heat Capacity, cal./mole at 298°K: (solid) 6.74 (liquid) 7.50 4,5 
(gas) (monatomic) 4.97 
(diatomic) 8.96 
d. HEAT CAPACITY OF SODIUM 5 
Solid, 298-871°K 
Liquid, 371-1163°K. 
Gas (monatomic) , 1163-3000°K 
T,°K C ${cal./deg./mole) 
298 6.74 
400 6.75 
400 7.52 
600 7.10 
800 6.90 
1000 6.93 
1100 7.01 
1200-2000 4.97 
2400 4.99 
28006 5.04 
8000 5.08 
See equations above 
Decomposition Temperature: — 
Decomposition Products: —_— 
Vapor Pressure: 
Press.mm. 1 10 40 100 400 760 M.P.°C 1, 2 
Temyp.°C 439 549 633 701 823 892 97.5 
log P70" + 4.521, where P—atm. and T= °K 
X-Ray Crystallographic Data: 
System Space Group a Atoms/Unit Celi 1 
cubic Of 4.282 2 
Hygrcescopicity: Reacts vigorously with water to form NaOH + H, 1,29 
Caution: keep under kerosene. 
Solubiaty Data: In water, alcohol: decomposes 1 
In benzene, ether: insoluble 
Herlth Hazard: Extremely caustic to all tissues. Reacts exothermally with the | 12, 29 


moisture of the body or tissue surfaces causing thermal and chemical burna. 


Safty Classifications: 
OSM: class 2 
ICC: Liated under “Explosives and Other Dangerous Articles” as a flam- 
mable solid ; yellow label. 


me 


| 
j 
| 


an 


Sodium, Na (page 4) 


Fire and Explosion Hazard: Metallic sodium has an autoignition temperature | 12, 14, 75, 
of 115° in dry air. It is dangerous when exposed to heat, flame, moisture, | Addnl. Ref. 3 
air, or oxidizing nai. rial. It reacts exothermally with the halogens, acids, 
and halogenated hydrocarbons. 
Sodium must be kept dry to avoid explosions which may result from evolved 
hydrogen. When heated it emits toxic fumes of Na,O. Metallic sodium 
should be stored in airtight, steel drums. To fight fire use soda ash, dry 
sodium chioride, powdered tale or graphite. Do not use CCl, on fire as an 
explosion may result. 


Electrostatic Sensitivity : 
Use in Pyrotechnics: As a fuel and to color burning compositions yellow. 


Additional References: 

1) “Sodium, Its Manufacture, Properties and Uses,” M. Sittig, Reinhold 
Publishing Corp., New York (1956) . See especially the chapter on physi- 
cal and thermodynamic properties. 

2) “Determination of the Vapor Pressure of Sodium,’”’ M. MaKansi et al., 
J. Phys. Chem. 59, 40 (1955) 


3) C.A. 87, 2578 (1943) 


” y 
‘ gp da 
ng pd . 
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SODIUM BICARBONATE, NaHCO, Refs. 
(Sodium Acid Carbonate, Baking Soda, Sodium Hydrogen Carbonzte) | 1,11, 29 


Specification No.: O-S-576B (technical 
grade) 
Molecular Weight : 84.02 
Crystalline Form: monoclinic prisms 1 
Color: white 1 
Density, g./ml.: (solid) 2.159-2.22 1 
Coefficient of Thermal Expansion: 
Heat of Formation, Kceal./mole at 298°K: (c) -226.5 1 
Free Energy of Formation, Kcel./mole at 298°K: (c) -203.6 1 
Entropy, cal./deg./mole at 298°K: 24.4 +4 1,3 
See table below 
Melting Point: loses CO; at 
542°K (270°C) 1 

Heat of Fusien: - 
Boiling Point: — 
Heat of Vaporization: — 
Transition Point: _—— 
Heat of Transition: —. 
Heat of Sublimation: —— 

HEAT CONTENT AND ENTROPY OF NaHCO, 4 

(Base, crystals at 298.15°K) 
f, °K Hy — Hass .15 Sr — Sass.1s T, °K Hy - Hooa.ss Sx —Seoe.1s 
cal./mole cal./deg. | cal./mole cal./deg. 


mole mole 
360 ..... 1140. 3.52 | 400..... 2320 6.67 


NaHCOs(c) : 
Enthalpy: Hy Hos.15 == 10.19T + 18.08 x 10-*T?- 4641 (0.8 percent ; 298-400°K) 
Heat Capacity : C, = 10.19 + 86.06 x 10°T 
Decomposition Temperature: Begins to lose CO, at about 50°C, and at 100°C | 29 


is converted to Na,CO,. In aqueous solution begins to break up into CO, and 
Na,CO, at 20°C and completely on boiling. 


Heat of Dissociation, cal./mole: 15,860 Adeni. Ref. 2 
Vapor Pressure of dissociation to (CO, + H;0O) is given by 
8840 
log Pmm. == 11.185 —Fabs> Addnl. Ref. 2 
See alco 42V7 


X-Ray Crystallegraphic Data: 
Moleculea/ 


Syatem Space Group a b ¢c Axtal Angle Untt Cell 
monoclinic Ch 6.19 6.72 649 == 120° 42 4 


1 


70 


SE serene. .. 


Sodium Bicarbonate, NaHCO; (page 2) 


Hygroscopicity: NeHCOs is stable in dry air. In the presence of moisture it 
gradually loses CO, and changes to NaHCO 3: Na,CO;° H20 


Solubuity Data: In water: 6.9 g./10G6 ml. at O° and 16.4 z./100 ml. at 60°C 


I alcohol : 
Health Hazard: 


Safety Classificaticns: 
OSM: 
icc: 


Fire and Explosion Hazard: 


Electrostatic Sensitivity: 
Use in Pyrotechnics: 


Additional References: 
1) Ref.52V10 


slightly soluble 


nontoxic, large doses may 
cause alkalosis 


inert material 
not listed 

not listed 
none 


as a retardant 


2) R. M. Caven and H. J. Sand, J. Chem. Soc. 99, 1859 (1911) 
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SODIUM NITRATE, NaNO, | 


(Soda Niter, Chile Niter, Chile Saltpeter, Nitratine, Cubic Niter) 
Percent Oxygen: . 56.46 
Specification No.: MII -S-00322.4 


The specification covers two classes: class 1, technical; and class 2, double 
refined. The two classes differ in purity. 


Molecular Weight: 85.01 
Crystalline Form: trigonal or rhombohedral 
Color: coloriess 


Density, g./ml.: (solid) d= 2.116 - 0.67 x 10°°t’C (320-550°C) 
Coefficient of Thermal Expansion 


(average from R.T. to M.P.) : 3.65 & 1071 
Heat of Formation, Kcal./mole at 298°K : (¢e)-111.54 
Free Energy of Formation, Keal./mole at 298°K : (c) -87.45 
Entropy. cal./deg./mole, at 298°K : (c) 27.8 
See table below 
Melting Point: 579 2°K (306.1°C) 
Heat of Fusion, cal./mole: 3490 
Boiling Point: decomposes 
Transition Point: ato 8B 549.2°K (276.1°C) 
Heat of Transition, eal./mole: 810 


Heat of Sublimation: —- 


HEAT CONTENT AND ENTROPY OF NaNO; (c, !) 
(Base, «crystals at 298.15°K) 


T, °K H, ae Hops .is S; ind Soos.1s T, oK H, me Rees.is 
cal./mole cal./deg. cal./mole 
mole 
400 ..... 2495 579.2 (B).. 9140 
500 ..... 5575 579.2 (i) .. 12,630 
549.2 (a) 7260 = 17.22 | 600 ..... 15,400 
549.2 (8) 8070 = = =—- 18.70—'—idY:s SOO ww, 17,100 


NaNOs(a) : 
Enthalpy : Hr ~ Hass.1s —= 6.34T + 26.66 x 10° *T?-— 4260 (1.0 percent ; 298-549.2°K) 
Heat Capacity: C, =6.34 + 53.82 x 10?T 
NaNO;(8): 
Enthalpy : Hr — Hoos.15 == 35.70T ~ 11,536 (0.1 percent ; 549.2-579.2°K) 
NaNO,(1) : 
Enthalpy : Hy - Hees. 15 == 87.00T — 8800 (0.1 percent ; 579.2~700°K ) 


Heat Capacity, cal./deg./moie: (solid) 35.70 
(liqniia) 37.00 


See also table above 
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Ress. 
1, 11,12, 29 


Sr ua Sons, 1s 
cal./deg. 
mole 
20.59 
26.62 
27.98 
33.63 7 


Sodium Nitrate, NaNO, (page 2) 


Decomposition femperature: 380°C 
For DTA and TGA see Refs. 33, 47 
Decomposition Products: Na.O + NO, 


Vapor Pressure: as 


X-Ray Crystallographic Data: 
Melecules/ 


System Space Group a Axial Angle Unit Cell 
rhombohedral Ds 6.3108 = «== 47° 15’ 59” 2 

at 280°C 6.56 as== 45° 35/ 
hexagonal 5.07 B == 16.829 6 


Hygroscopicity: Deliquesces in moist air. Keep container well c’osed. 
Critical R.H.: 82.7% at 20°C (purified materia:) 


Gain of purified material (41 »), at 70°F after 120 hours exnosure: 
(at 70% R.H.) 11% 
(90% R.H.) 25.75% 


Water absorbed by 2.000 g. at 25° (40--80 mesh) : 


Hrs. 8 5Y% TY 16 
g-H,O absorbed 0.0713 0.1355 0.1970 0.3924 


Solubility Data: : 
In water (g./190 ml.) : 73 at 0°C; 180 at 100°C 
In NHs: : very soluble 
In glycerine ané acetone: slightly soluble 

Health Hazard: Moderately toxic. Large amounts taken internally may be fatal. 


Safety Classifications: 
OSM: Class 1, packed and stored in original shipping containers. 
Class 2, when not packed or stored in original shipping containers 
or equivalent, 
ICC: Oxidizing material: yellow iabel. 

Fi. ; and Explosion Hazard: Sodium nitrate is a dangerous fire and explosion 
hazard. It can ignite on friction. When heated above 1000°C or wken heated 
with reducing materials, particularly cyanides, it emits toxic fumes on 
decomposition. 

Electrostatic Sensitivity: -— 

Use in Pyrotechnics: As an oxidizer, to impart a yellow color to burning compo- 
siticns, and incendiary mixtures. 


Additional References: 


1) “Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 
trates, Potassium Chlerate and Mercury Fulminate,” G. B. Taylor and 
W.C, Cope, Met. & Chem. Eng. 15, 141 (1916) 
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Adan. Ref. 1 
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SODIUM OXALATE Refs. 

Formuia: Na,C.0,4 
Specification No. ; JAN-S-210 
Speciheation: The spec. covers one technical grade and three classes vased on 

differences in vrunulation using U.S. standard sieves. 
oe ay sist ee J eee tees 

Through 420 micron (Ne. 40 sieve) 

oh, main. 99 
Through 250 micron (No. 60 sieve) 
%, Min. $9.9 

Through 743 micron (No, 160 sieve} 
incest By ND He 9 ee hae ee Fn ile ee 
Molecular Weight: 134.01 
Crystalline Form: erystailine powder 29 
Color: white 29 
Density, g./ml.: (solid) 2.34 1 
Coefficient of Thermal Expansion: — +. 
Heat of Formation, Keal./mole at 292°K : -$14.3 1,9 
Freee Enargy of Formation: — 
Ertropy: 
Metting Point: 5OECK (232..5°C) 1 
Heat of Fusion: 
Boilmg Faint: — 
Transition Poiut: —_—— 
Heat of Sublinatisn: —— 
Heat Cortent o> Pnthalpy: === i 
Heat Capacity, cai./deg./muoie : (solid) 34 9 
Decomposition Temperature, °C: 480 Addni. Ref. 1 

For DTS see Adan), Refs, Z, 3 
Decomaosition Penducts: NaS, -+ CO 
Veper Pressure: is 
X-Pay Crystallographic Data: 

Molecules/ 
Syatem Soace Group a &t c S Uni? Cell 18 
MOHD Cc . W385 6% 346 92° 54’ 2 

Slygroseupicit:: Spec. grade (20 ;:) 33 

Gaiuin wiat 70% RY and 79° Rin 126 br. %: 0.08 

Gainin wt. at 90% RU and 70°F py i20hr G&- 9.02 fee 

Material dried st 240°C is not hygroscopic i 
Solubiity Data: In water at 20°C. 3.7 g./200 g. t 

100°C: 6.33 ¢ /10U g. 
in aleohu:: insoluble 1gea 


Sodium Oxalate (page 2) 


Peis ee ect a at ke eés sts 


- : Health Hazard: A strong poison. Corrosive and produces local irritation. Taken | 12, 29 
ry orally has a caustic effect on the mouth, esophagus and stomach. Can cause 
we severe darnage to the kidneys. 
a : Safety Classifications : 
“a : OSM: not listed 
j 'CC: not listed 
Fire and Explosion Hazard: Dangerous when liexted to decomposition: emits | 12 ; 
toxic fumes. ; 
Electrostatic Sensitivity : — 
Use in Pyrotechnics: As a retardant and to irapart a yellow color to burning { 17 i 
at ‘ Additional References: ; 
{ 


ae | 1) C.A.s8, 1891 (1984) 
2) C.A.49, 14461 (1855) 


' 

compositions. ! 

. | 
‘ 3) C.A. 50, 7672 (1956} | 
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SCDIUM OXIDE, Na,O 


(Sodium Monwxide) 


Specification No.: 
Molecular Weight: 
Crystalline Form: 
Color: 

Turns yellow on heating 
Density, g./ml.: 


Coefficient of Therma! Expansion: 


Heat of Formation, Keal./mole at 299° : 


Bee Table a 


Free Energy of Formation, Keal./mole at 298°K : 


See ‘fable a 


a. HEAT AND FREE ENERGY OF FORMATION OF Na,0 (c, 1) 


61.99 
deliquesces in air 
white 

(solid) 2.27 


(c}-99.4 + 1.5 


(c)-89.9 + 1.9 


T,cK 4H (cal./mole) & F° (cal./mole) 
298.16... . "99,400 (= 1500) "89,900 (+ 1900) 
S71... 99,400 87,500 
871... .. 100,706 87,500 
400 ..... ~100,700 86,590 
590... 100,600 83,000 | 
600.6... 109,600 ~75,400 
700.2... ~100,500 ~75,900 
800... -100,400 12,400 
900... ~190,200 £9,000 
1000... 99,900 88,500 
1200 ..... 99,500 £2,100 
1187 ..... -99,100 59,100 

J187 02... 145,300 69,100 
1190 0.00. -14E, 890 58,900 
1190.0... -132,2U0 58,900 
1200... .. -128,162 68,200 
180... .. 187.109 £1,600 
1400 ..... -136,100 45,100 
i800... -138,100 36,600 
1600 ..... 154,100 32.200 
1700 ..... -193,109 25,900 
1800 ..... 182,160 -19,600 
1900 ..... 181,160 -18,400 
2000 180,100 eo 


Phase Changes of Metal 


M.LP., 371°K ; 4. KR =- 626 cal./g.-atom 
B.F., 118'7°K; A H == 25,120 cal./g.-atom 
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Sodium Oxide, Na. (page 2) 


Entropy, cal./deg./mole at 298°K: (c) 17.4 9 
See Table b 
Melting Point: 1190°K (S17°C) 2 
: Heat of Fusion, cal./mole: 7140 z 
: Boiling Point: sublimes 
: 1548°K y 1275°C} 1 
Heat of Vaporization, Kcel./mole: 149 


Transition Point: _——~ 
Heat of Sublimation: eee 


¥ 

{ b. HEAT CONTENT AND ENTROPY OF Na.O (c) 4 

| (Base, vrystals at 292.15°K) 

: T, OK Hey = Hoos. 15 Sr- Soos.is T, ok Hy oT} Hoos,.15 Sy- Sosa.ts 
cal./mole cal./deg. | cal./mole cal./deg. 

! xaole mole 

fe "400 = cack 1750 3.05 800... 9350 18.16 

{ 500 3660 917 900 ..... 11,530 20.52 

‘ 600 ..... 5500 12.63 1000 ..... 13,500 22.78 

i TOO» ecg pce 7405 ___ 15.56 \ 2100 2... 15,750 24.33 

Na,O (c): 


Enthsipy : Hu - Hoos.1s=- 15.70T + 2.70 x 10*°T?— 4921 (5.7 percent ;298-1100°K) 
Heat Capacity: C, = 15.70 + 5.40 ¢ 10°? 

Na,Oe(c) : | 

Hent Capacity : C, 21.35 (298°K) | 


iS Sat ai clon ca eae rer 
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Free nergy Equations: 2 
Reaction Range of Validity, °K 
1) 2 Ha (ce? + 1 Oo ig) -= Na,O (c} 298.16-371 
j A F2 =—95.820—-7.51T log T + 5.47 (10°?) —.19 (108T*) -+ 50.48T 
t 2) 2 Na Q) + 14 2 (#) == Nas® .c) 371-1187 ; 
' A 3 =— 100,150 + 4.97T log T-2.45 (10°T2) - .10 (10°T") + 22.19T 
| 3) 2? Nu (y) + 1% Os (x) = Nn (c} 1187-1120 | 

A Fy =~ 156.200 ~29.72T log T -|- 145.48T i * 
| 4) 2Na (g) + % Oz (gz) = Na.0 (1) i790-20uU0 : 
A Fg == —- 156,250 -23.03T tog T 4- 147.52T 

Hea, Capacity, cal./deg./mole at 298°K : (solid) £7.24 | 
| penis | Adanl. Rete. 
Decompesition Temverat.re: above 400°C | 

Deromposition Pi ducts: Na -- O an sapcrization | Aso Refs. 

Vapor rvessure (of alkali oxid. and ailal: meta! in equil, with solid alkali ma Ref. 3 : 
iz oxide) atm. at 1C90°K: (eeted.) 1s 

i t 
| 
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" Sodium Oxide, Na,O (page 3) 


X-Ray Crystallographic Data: 

System Space Group a 
cubic 5.55 

Hygroscopicity: Na,O reacts vigorously with water with considerable evolution 
of heat. Keep containers tightly closed. 

Solubility Data: In water and alcohol: decomposes 
Reacts to neutralize acids. 

Health Eszard: Very caustic and dangerous to ali tissues. To minimize its 
effects, wash the area with large volumes of water. Injured person should 
see a physician. 12 
Caution: Do not handle with bare hands. Avoid contact with skin. 

M.A.C., mg./m.* of air: 2 

Safety Classifications: 

OSM: not specifically mentioned 
ICC: not specifically mentioned 


Alkaline caustic liquids (not otherwise specified) are classed as corrosive 
liquids and listed under “Explosives and Other Dangerous Articles.” 


Molecules/Unit Cell 18 


Coast Guard: hazardous material 
UN: class 8 (alkaline 
corrosives3) 


Fire and Explosion Hazard: Sodium hydroxide formed by the action of water 
on Na,O may become a fire hazard when rnixed with nitro compounds and 
ae oe (This hazard must be even greater with powdered, solid 
Na,O. 

Electrostatic Sensitivity : — 

Use in Fyrotechnics: Product of the burning of many sodium compounds | 


Additional References: | 


1) “Sodium, Its Manufacture, Properties and Uses,” M. Sittig, Reinhold 
Publishing Co., New York (1956) 


2) “The Vapor Pressures of Lithium and Sodium Oxides,” L. Brewer and 
J. Margrave, J. Phys. Chem. 59, 421 (1956) 


8) “Stability of Gaseous Alkali and Alkaline Earth Oxides,” L. Brewer 
and D. F. Mastick, J. Am. Chem, Soc. 79, 2045 (1951) 
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STEARIC ACID, CH,(CH,),,COOH or C,,H,,COOH Refs. 


(Octadecanoic Acid, N-Octadecyclic Acid) 1 


Specification No.: MIL-A-271 
The spec. covers two grades: Grade I in loading ammo. Grade II used as a 
lubricant in the pelleting of explosives. 


Molecular W: ight: 284,47 
Crystalline Form: monoclinic leaflets -1 
Color: colorless 1 


At room temperature stearic acid is a white, fairly hurd, wax-like material. | 16, 22 
It is usually obtained either from fats and oils by hydrolysis and distillation or 
from olcie acid by hydrogenation. Pear! stearic acid is the material in free flow- 
ing powdered bead form for compounding purposes. Stearic acid iy also mar- 
keted in cakes, powder or flake form, as single, double, or triple-pressed. Suc- 
cessive chillings and pressings remove more of the unsaturated liquid oils (par- 
ticularly oleic acid), thus raising the melting point and giving a whiter, purer 
product. Synthetic stearic acid is also made by hydrogenation of unsaturated, 


animal and fish oils. 
Density, g¢./ml.: (solid) 847 at 69°C ? 
Coefficient of Thermal Expansion, cubical, 31 
833.8-44.5°C: 81 x 105 
Heat of Formation, Kcal./mole at 18°C, 1 
at constant press.: -223.8 
at constant vel.: -212.8 
Free Energy of Formation: —- 
Entropy: —- 
Melting Point: 342.5°K (69.4°C) 1 
342.7°K (69.6°C) Addn, Rez. 2 
Heat of Fusion, cal./g.: 47.6 = 
Boiling Point: §56°K (343°C) 1 
Transition Point: 
Heat of Sublimation: —. 
Heat Content or Enthalpy: —- 
Heat Capacity: = 
Decomposition Temperature and Products: For DTA see Addnl. Ref. 3 
Vapor Pressure, mm. at 60°C: 1.42 x 10°¢ Addnl. Ref. 1 
__Press.mm. 1 ‘10 40-100 ~=S 400~S 760s MP 
Temp.°C 178.7 225.0 268.8 = 291.0 3438.0 -870.0d_~—69.38— | 1 
X-Ray Crystallographic Data: 
Molecules/ 
" System Space Group a b c Azial Angle Uni? Cell 1 
monoclinic Cf, a> C3, 5.546 7.381 48.84 B= 68° 38’ 4 
5.68 7.389 50.07 f=: 60° Addnl. Ref. 2 


Hygroscopicity : parece 
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Stearic Acid (page 2) 


Solubility Data: In water: 0.00029 g./100 g. at 20°C; 0.034 at 25°C and 
0.1 g./ml. at 37°C 


In alcohol: 2.5 g./100 ml. 
In ether: very soluble 
In CHC1,, CCL, CSz, toluene: soluble 


For additional solvent data see Addnl. Ref. 2 
Health Hazard: Negligible. Used to coat medicinal pills and in face creams. 
Safety Classifications: 
OSM: not listed 
Icc: not listed 
Fire and Explosion Hazard: Combustible. To fight fire use water, foam, dry 
chemical, or carbon tetrachloride. 
El vostat.. Sensitivity: —. 


Specific Heut, cal./g. at 15°C: 0.399 
Liquid at 74-187°C : 0.550 
Refractive Index, at 80.2°C:: 1.4299 
Heat of Combustion, Kcal./mole (0 liquid) 
at 20°C: 2711.8 
Flash Point, °F: (closed cup) 385 
(opencup) 425 
Ignition Temperature, °F: 743 
Neutralization Value: 197.23 
Uee in Pyrotechnics: asa fuel, retardant, 
binder, and lubricant 


Additional References : 


1) “The Vapor Fressure of Some Solid Organic Compounds,” R. L. Little- 
wood, J. Chem. Soc. 1957, 2419 


2) seat Acids,” K. S. Markley, Ed., Interscience Pub. Co., New York 


3) J. Phys. Chem. 60 1487 (1956) 
4) L. Médard, Mém. artillerie frang. 28, 465 (1954) 


1, 29 
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67, 15 
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67, 71 
Addnl. Ref. . 


eT a cme Rte 


“a 


STRONTIUM CHLORIDE, Sr, 


i Specification No.: 
Molecular Weight: 
Crystalline Form: 
Color: 
Density, g./ml.: 
(liquid) D, = 2.69 - 0.00045 (to 900°C) 


Temp. °C 900 950 1000 


; 
} 
i ech SS eee ree 
{ Density 2.69 2.67 2.645 2.62 
H Coefficient of Thermal Expansion, cubic at 870°C: 166 x 10°5 
I Heat of Formation, Keal./mole at 298°K : (c)~198.0 
Free Energy of Formation, Kcal./mole at 298°K : (c) ere 
—187. 
r Entropy, cal./deg./mcie at 298°K : oe 
1, 
Melting Point, °C: $73 
875 
Heat of Fusion, Keal./moie at 1148°K (875°C) : re 
4.1 + 0.6 
Boiling Point, °C: 1306 
12590 
Heat of Vaporization, Keal./mole: 55 
’ Transition Point: — 
: Heat of Sublimaticn : —— 
Heat Content or Enthalpy: —— 
Heat Canacity, cal./deg./mole: (solid) 18.9 
C, = 18.20 + 2.45 x 10-*(est’d over 298 — 114E°K) 
See also Ref. 24A 
Decomposition Temperature : Noticeable above approx. 955°C 
Heating in air or O, at red heat slowly changes the chloride to the oxide 
Decomposition Products: —_— 
Vapor Pressure: —_—- 
X-Ray Crystallographic Data: 
System Space Group a Molecules/Unit Cell 
cubic O§ 6.9767 
Hy, yoscopicity : hygroscopic _ 
very hygrcscopic 
, 
281 
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cubic 
colorless 
(solid) 3.052 
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44829 
9,244 
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44829 
52V11, 54V3 
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44829 
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Strontium Chloride, SrCl, (page 2) 


Solubility Data: In H,O. g./100 ml. 43.5 at 0°C and 100.8 at 100°C 
In absolute alcohol, acetic acid: very slightly soluble 
In NH; : insoluble 
Health Hazard: Probably slight. The Sr ion has a low order of toxicity. 
Safety Classifications : 


OSM: not listed 

ICC: not listed 
Fire and Explcsion Hazard: — 
Electrostatic Sensitivity : —— 
Use in Pyrotechnics: to color burning 


compositions crimson 


1A 
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STRONTIUM NITRATE, Sr(NO,), Refs. 


j Specification No.: MIL-S-20322 

The spec. covers one grade and three classes which differ in granulation. 
Molecular Weight : 211.65 
Crystalline Form: ' eubic 1 
Color: colorless 1 
Density, g./ml.: (solid) 2.986 1 

i Coefficient of Thermal Expansion, linear, 30-75°C: a= 3.22 «10° 44529 sup 

Heat of Formation, Kcal./mole at 298°K: -233.25 1,9 

i Free Energy of Formation, Kcal./mole at 298.16°K: -185.8 86 
Entropy, cal./mole at 298.16°K : 47.4 86 
Melting Point: 918°K (645°C) 9 

891°K (618°C) 47 


Heat of Fusion: —— 

Boiling Point: decomposes 580-600°C Addnl. Ref. 1 
Transition Point: — 

Heat of Sublimation: — 

i Heat Content or Enthulpy: 

: Heat Capacity, cal./deg./mole: (solid) 38.° (290-820°K) | 4 


; Decomposition Temperature, °C: 580-600 Addnl. Ref. 1 
For DTA and TGA see Ref. 33 
Vigorous bubbling at 672°C 47 
Decomposition Products: SrO + NO, ; toxic fumes AT 

emitted 


Vapor Pressure: —— 

X-Ray Crystallographic Data: 

System Space Group a Molecules/Unitt Cell 1 
'bic TE 781 4 

Hygroscopicity (gain, mg./g., at R.T. after equilibrium has been established in | 32 


a vacuum desiccator) : 
65 86 93 


15 


%,R.A. _24hr. equil.| 24hr. equil. | 24hr. equil. &.hr. equil. _ 
i Purified . E 0.5 — — — 
| __ Spec. grade 3 <. A 02 | 8 312.60 -— 
| Critical R.H.: purified 82.7% at 20°C 
spec. grade 82.9% at — 
| 26.2°C 
; Solubility Data: In water (g./10€ 1.) 40.1 at 0° and 100 at 90°C 1 
In abs. alcohol, NH: very slightly soluble 
In acetone: slightly soluble 
t 
| 283 
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Strontium Nitrate, Sr (NO). (page 2) 


Health Hazard: Moderately toxic. Large amourts taken by mouth may have | 98, 12 
fatal effects. Sr(NO3). emits toxic furnes on decomposition. i 
Safety Classifications: 
OSM: Class 1, in originai containers. i 
Class 2 when not packed or stored in original shipping containers : 
or equivalent. : 
ICC: Oxidizing material ; yellow label. wo 
Fire and Explosion Hazard: A fire and explosion hazard. As an oxidizer it can | 12, 14 4 
give up its oxygen to other materials to produce a vigorous reaction which ; 
may result in detonation. Toxic fumes are emitted on decomposition. : 
Electrostetic Sensitivity: —- 


Use in Pyrotechnics: An oxidizer and to impart a crimson color to burning | 17 
: compositions. (Nonhygroscopic strontium nitrate is used in tracer and 
pyrotechnic compositions that are sensitive to deterioration by moisture.) 


Additional References: 
1) C.A.49, 12982 (1955) 
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STRONTIUM OXALATE ANHYDROUS AND MONOHYDRATE, Refs. 
SrC,0, and Sr€_0,:H,0 


Specification No.: MIL-S.-12210 


The spec. covers both the anhydrous salt and the monohydrate: Grade A, 
anhydrous, and Grade B, hydrated. The two grades differ aiso in granu- 


lation. 
Molecular Weight: (anhydrous) 183.65 
(monohydrate) 193.67 
Crystalline Form: _—— 
Coler: colorless 1 
Density, g./ml.: 
Heat of Formation, Keal./mole at 18°C, anhydrous: 
at constant press.: —327.7 Adana. Ref, 1 


at constant voil.: -326.5 


Free Energy of Formation, Kcal./mole at 18°C, monohydrate: 
(c}~360.8 1 


Entropy: 

Melting Point: See Deccmposition Temperature below 

Heat of Fusion: — 

Boiling Point: —_—— 

Transition Point: — 

Heat of Sublimation: —- 

Heat Content or Enthalpy: — 

Heat Capacity: — 

Decomposition Temperature: TGA. The hydrate begins to lose H.O at 45°C. | Addnl. Ref. 2 
All the water is off. by 177°C. On further heating the weight -emains con- 
stant up to around 400°C. 

Yecomposition Products: Dissociates into SrCO; and dangerous CO over the | Addnl. Ref. 2 
range 400-520°C. 
See graph below 

Vapor Pressure: 

X-Ray Crystallographic Data for SrC.0,°214 H.9 


| 


System Space Group a ¢ Molecules/Unit Cell 
: tetragonal Ci, 12.795 = 7.509 18V2 
Hygrescopicity : == 


Solubinty Data: For SrC,0,°H.O, required for solution of 1 part: 2000 parts | 29 
of water, 1900 parts of 3.5% acetic acid, 1115 part of 23% acevic acid, | 1 
less soluble in 35% acet.c ecid. Readily soluble in dilute HCl or HNOQ,. 


Health Hazard: Highly toxic. Corrosive and produces local irritation. When | 12 
taken orally may havea causti- effect on the mouth, esophagus and stomach. 93 
Safety Classifications: 
OSM: not listed | 
Icc- not listed 
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5 Strontium Oxalate Anhydreus and Monchydrate (page 2) t a 
Fire and Explosion Hazard: Dangerous when heated to decomposition. Emits | 32 
poisonous carbon monoxide. 
Electrostatic Sensitivity : — : 
Use in Pyrotechnics: SrC.0, and SrC,0,°H,0 sre used as rctardants and to | 17 : 
impart a scarlet color to Larnicng compositions. ; 
PYROLYSIS OF SrC,0,°H.0 ‘ 


[ a RE Se A, SS ; 
‘ 
{ 


43° 
| 50mg 223° 412° : 
1 
3] | 544° 
S \ 
Tempsrsrare © Addnl. Ref. 2 
Additional References: | 
1) L. Médard, Mém artillerie frang. 28, 467 (1954) 
2) S. Peltier and C. Duval, Anal. Chem. Acta. 1, 353 (1947) 
286 i 
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STRONTIUM PERCHLORATE, Sr(Cl0,), Refs. 


Specification No.: — 
Molecula. Weight: 286.54 
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Percent Oxygen: 44.67 
Crystalline Form: 
Color: colorless i 
Density, g./ml.: 
: Coefficient of Therma! 'xpansien: — 
Heat of Formation, Keal./mole at 298°K : -184 (estd.) 12 
Free Energy of Formation: 


; Entropy: = 
! Melting Eoint: —- 
Heat of Fusion: -_ 
: Boiling Point: — 
is Transi‘icn Point: — 
| Heat of Sublimation: — 
Heat Content or Enthalpy: — 
Heat Capacity: —- 
i Decomposition Temperature: Vigorous decomposition at 477°C. AT 
: For PTA and TGA see Ref. 33 
Decomposition Products: —— 
Vapor Pressure: or 
X-Ray Crystallographic Data: —_—- 
Hygroscopicity : — 
Solubility Data: In water, 310 g./100 mi. at 25°C; very soluble in hot water 1 
Solubility in Organic Solvents at 25°C: 


ee Oe ee ee aE ens 


Solvent g./100 g. solvent 72, 77 
Methyl alcohol 212.01 
Ethy] alcohol 180.66 
Acetone 150.06 
Ethyl acetate 13t.93 
Ethyi ether insolubie 
Health Harvard: Avoid contact. Irritating to skin and mucous membrane. 12 


\ 
{ 
| 
{ 
; Safety Classifications: i 
OSM: Class 1. Class 2 when noi packed or stored in original shipping con- 
tainers or equivalert. i 
ICC: Oxidizing material; yellow label. Listed under “Explosives and H 
| Other Dangerous Articles.” 
Fire and Explosion Hazard: Can be exploded by shock, heat, cr chemical action. | 12, 14 
It is an explosive hazard when mixed with carbonaceous taaterials, finely 
divided metals, or sulfur. It emits highly toxic fumes. Fires involving the 
t perchlorate alone may be fought with water. 
( Use in Pyrotechnics: As an oxidizer and te impart a scarlet color to burning 
compositions. 
j 
? 
: 
$ 
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STRONTIUM PEROX'DE, SrO, Refs. os 
Percent Oxygen: 26.75 ( 

i Specification No. : TAN-S-612 
Covers two grades that differ in purity and granulation. i 
| Molecular Weight : 119.63 
| Crystalline Form: powder 1 i 
: Color: white i 
| Density, g./ml. : (solid) 4.56 1 i 
Coefficient of Thermal Expansion: ees i 
' Heat of Formation, Kceal./mele at 298°K: -153.6 1,9 : 
. See table below i 
i Free Energy of Formation, Keal./mole at 298°K:  -141 2 
See table below i 
| HEAT AND FREE ENERGY OF FORMATION OF Sr0O,(c) 4 i 
~_ 3K 2H (cal./mole) __AF® (cal./mole) "| 
i 298.16. ... ~158,500 (+ 5000) --141,000 (+ 6000) i 
Hl 400 ..... ~-1538,000 -187,000 i 
| 600 ..... -153,060 -133,000 } 
i 600 ..... ~152,590 --129,000 A 
| 700 ..... ~-152,000 -125,000 i 
i 800 ..... ~151,590 -121,500 j 
90 ..... -151,000 -117,500 H 
1000 ..... ~150,506 -114,006 a 
Free Energy Equation: 
: Reaction Range of Vaticity, °K 
Sr (c) + O2 (g) = SrO, (c) 298.16 -1000 : 
| & F9 =—-185,510-11.40T log T 4.305 (10°T?) 4. .675 (10°T") +. 75.44T 
Entropy, cal./deg./mole at 298°K : 14.8 6 
For caleulation see thermodyne:nic equation in Ref, 2 ! 
| Melting Voint: decomposes at 488°K | 
(215°C) 6.8 


Heat of Fusion: 

Boiling Point: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 
For calculation see thermodynamic equation in Ref. 2 


Heat Capacity: 
For calculaticn see thermodynamic equation in Ref. 2 
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Strontium Peroxide, S5rO, (page 2) 


Decomposition Temperature: dissociates at 
Risy hal @ Aadn:. Ref. 2 
480°C Addni. sof. 8 
410°C and TGA Addn. Ret. 4 


Decon.pusition Products: 
Vapor Pressure: Cissociation Pressure between 822 and 600° ie given by © ae Ref, 


Pam = ir -0,010T + 1.75T +28 


Press, mm. 860 529 _ Sol 
Temp. °C 826 342 844 851 
Q (cal./g.) 19280. 193810 19290 19290 
Where Q, = heat of reaction for the equation Addnl. Ref. 2 


2 SrO -+- U,-=2 SrO, + Qcal 
Dissociation Pressure (wo SrO -+ OY is given as 


108 Daa = — porn 41.75 log T-0.0016T 4.2.8 _ | Addni, Ref. 2 
X-Ray Crystallographic Data: 

System Space Group a e Molecules/Unit Celi 

tetragonal DY 5.02 6.56 4 
5.04 6.62 4, 97V6 

Hygroacopicity : Slowiy decercposed by water with the liberation of O. 

Caution: Keep in tightly closed container. 29 

Critical R.H.: 96.7% at 25°C 82 


Gain (mg./g.> at R.T. after euuilibetiim has been established in a vacuum 
desiccator of 2 ——- sample. 


~ 81% RH. | 48% RH. | 52% R.B. 2 65% R.H. 
2 hr.  equil, = = ~equil. e4hr.  exquil, 24hr. equil 


86% R.A. 98% R.H. 


AS 


24 hr. r.  equil. 24hr. equil. 24hkr. equil. 
"210.5 474.7 418.4 s Ss 8 
___ 161.0 356.0 251.0 882.0 854.0 9334.0 


Solubility Data: In water (g./100 mi.) at 20°: 0.008, in hot H,O, decomposes. 
Very slightly soluble in alcohol and NH,Cl. Insoluble in acetone. 


Hestth Hazard: May cause injury on contact with askin or mucous niembranes, 
Safety Classifications: 
OSM: Clasa 1. Class 2 when not stored or packed in original shipping con- 
tainers or equivalent. 


ICC: Listed under “Explosives and Other Dangerous Artictes.” Classed 
as oxidizing material ; yellow label. i 
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Strontium Peroxide, SrO; (page 3) 


Fira and Explosion Hazard: Heat, shock, or catalysts may cause viclent decom- 
position. Reacts violently when heated with reducing materials. Contact 
with water prod:ces heat. 

Hlectrostatic Sensitivity : 

Use a Pyrotechnics: As an oxidizer te impart a red cclor to burning composi- 

wns. 


Additional Keferences: 

1) “Direct Oxidation under High Pressures. The Oxides of Strontium, 
Barium, Lead, Manganese and Cobalt,” C. B. Holtermann, Ann. Chim. 
14, 121 (1940). C.A. 35, 7859 (1941) 

2) “On the Formation and Dissociation of Strontium Peroxide,” C. Holter- 
mann and P. Lafitte, Compt. rend. 208,517 (1989). C.A. 83, 2883 (1989) 

8) “Heating Curves for the Hydrates of the Peroxides of Group II Metals,” 
J. I. Vol’nov, C.A. 52, 19384 (1958) 

4) Petri we cia of Peroxide Compounds,” I. I. Voi’nov, C.A. 45, 7416 
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SUGAR Refs. 

(Cane Sugar, Sucrose, Saccharose, dt. 2 
(a—D~glucosido)~$-.fructof uranoside 29. by 
a~L—glucopyrancsido—}—-D—fructofuranoside) ‘ 
| 
H’Ca 0 CH,OH 

' 
f Cte Lo  @ A 
H’C-0H c 
t , ea — Addnl, Ref. 5 
{ ae °“H HO ie o ; 
| “Ce -c. a 
Formula: i, 7 of si ‘ sal Ci2H22011 
{ HC nO f 
{ . i 
| Specification No.:  CH,OH CH:OH J3j-$.00791C 
' The specification covers two types of beet or cane sugar. Type 1: white, : 
i hard, refined (a) granulated or (b) powdered; and Type 2: brown, soft : he 
be (a) light (b) medium and (c) dark. Type 1 granulated is used for pyro- Hl 
¥ technics. 
i Molecular Weight: 342.30 
| Crystalline Form: needles (from alechol), 1, 29 i 
monoclinic | 
For crystallography see Addnl. Ref.3 |: 
Sucrose crystals are triboluminesvent. 
Color: white 1 
Density, g./ml. at 15°C: crystallized, 1.5879 Addnl, Ref. | 
i powdered, 1.5897 . 8V1 
Coefficient of Thermal Expansion, linear for oo Ref. 
| longest axis: 28 x 10* : 
width: 50 x 10¢ 
i sho : 29 x 10°¢ 
: cubical (calculated) : 1.1 x 10+ 
| Heat of Formation, Keal./mole at 18°C: H, == -586.5 ; 
H, =-527 Addni. Ref. 1 
Free Energy of Formation: ~— 
Entropy, cal./deg./mole at 298°K: 86.1 aac Ref. ve 
Melting Point (when crystallized from alcohol) : 461°K (188°C, decomp.) 1 | 
458 (185-6"C) Addnl. Ref. | 
8V1 | 
When sucrose is hsated cautiously to the melting point (185-186°C) it l 
forms a viscous, colorless melt ; however, when heated longer or to a higher 
temperature decomposition takes place. : 
Heat of Fusion, Keal./mole: (decomposes) 4.6 ey Ref. | 
| | 
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Sugar (page 2) 

Boiling Point: decom poses 

Transition Point: pon 

Heat of Sublimation : —— 

Heat Content or Enthalpy: — 

Heat Capacity: a 
Molar Heat and Specific Heat of Crystallized Sucrose: _| Addnl. Ref. 
Temp. °C 0 20 40 60 80 90 8v1 


C, (cal./mole) 92.1 99.8 108 116 125 129 
C, (cal. ’-.) 0.260 0290 90.816 0.8389 0.866 0.877 


Decomposition Temperature, °C: 160-186 20 
Decemposition Products: Loses water, caramelizes, and then chars when heatad | 29, 50 


above its melting point. 
For DTA see Addnl. Ref. 4 
Vapor Pressure: _—— 
X-Ray Crystallographic Data: 
Molecules/ 
System Space Group a db c Axial Angle Unit CeB 18 
monoclinic C} 10.89 8.69 17.77 108° 2 85 


per eias h Entec so ae absorbs up to 1% moisture in air, which is | 2% 
Solubility of Sucrose in seit 
Temp. °C 0 20 40 30 80 90 100 
g/100g.H,O 1792 208.9 288.1 287.8 8622 415.7 487.2 


Solubility: In alcoho! arid methanol ca. Ig./100 mi. Moderate sol in gesline and | 1 
. Sol ether common organic solvents. Insoluble in ine, CH 29 


turpentine. Noticeably soluble in aniline, ethy] acetate, and amy he Ref. 8 
Health Hecaid: nontoxic 
Safety Classification : not listed 
Firs and Eyplosion Hazard, 
Autoignition Temperature, °C: 885 71 
Electrostatic Sensitivity : => 


0.299 1 


Specific Heat, cal./15°g./°C at 20°C: 
Optical Rotation : «75-(26 g. in 100 ml. H,O, 2 dm tube) + 66.47 to 66.49 depend 29 


ing on the solvent from which ‘¢ is crystallized. 


Heat of Combustion, Keal./mole: 1861.8 Addnl. Ref, 8 
Keal./g.: 8.949 


Use in Pyrctechnics: ans fuel 50 
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Sugar (page 3) 


Additional References : 

1) L. Médard, Mém artillerie franc 28, 481 (1954) 

2) es eats B,” A. Pictet and H. Vogel, Helv. Chim. Acta 11, 901 

8) “Principles of Sugar Technology,” P. Honig, Ed., Vol. 1, Elsevier Pub- 
lishing Co., New York (1953) 

4) “Differential Thermal Analysis of A aba Compounds,” A. T. Perkin: 
and H. L. Mitchell, Transactions of The Kansas Academy of Science 
60, No. 4 pp. 457-40 (1957) 

5) “X-Ray Examination of Sucrose,” C. A. Beeves and W. Cochran, 
Nature 157, 872 (1946) 
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SULFUR (SULPHUR), S, 
(Flowers of Sulfur, Milk of Sulfur, Brimstone) 


Specification No. : JAN-S-487 

The specification covers five grades of ground S: 
A, ground crude 5 uszed for black powder. 
B, ground crude S used for pyrotechnics compositions. 
C, ground crude S used for pyrotechnics compositions. 

a D, ground refined S used for nongaseous powders and primer compo- 

ions. 
' _E, ground crude S used for pyrotechnic compositions. The grades dif- 
fer slightly in purity and in granulation. 


Molecular Weight: 256.53 
Crystalline Form: («) rhombic, (8) monoclinic, (y) amorphous 
Color: yellow 


Forms of Snifur: Solid sulfur (S) exists in two crystalline forms, rhombic and 
monoclinic, and also as an elastomer. The rhombic fcrm is stable at ordi- 
nary temperatures. Above the transition temperature of 95.4°C and up to 
the boiling point monoclinic S is the stable variety. Elastic S is prepared 
na rapidly iliing liquid S which has been heated to elevated temperatures. 

infrared spectrum is identical with that of liquid S. On melting, S 
becomes a straw-yellow nt liquid, designated as 4 S. The liquid 
may be supercooled in bulk far below its freezing point to room temperature 
in the form of droplets which in time may solidify to a clear yellow giass. 
At about 160°C, the liquid is dark brown. Its color deepens as the tempera- 
ture is 1 and above 250°C, it turns brownish-black. Apparently the 
atructure of the liquid undergoez an abrupt change at about 160°, and thie 
transformation is accompanied by the absorption of 2.751 cal./g. The sud- 
den and en>rmous increase in viscusity which occurs at this temperature 
is one indication of a structural alteration. Other properties show a marked 
discontinuity. Long chain polymers referred to as pS, in equilibrium with 
rings of octatomic molecules, apparently exist in tiie liquid ahove 160°. 
Beyond 280° the viscosity decreases but the color remains dark up to the 
boiling point, 444.6°C, If S at the boiling point is cooled slowly, it passes 
through the changes described above in the reverse order. 

“Flowers” of sulfur is a term applied to the mined molten S which is finely 
ground. It is the type used for pyrotechnic purposes. 


Density, g./ml.: (solid) rhombic 2.07 
monoclinic 1.96 
amorphous 1.92 


Coefficient of Thermal Expansion: 


Temp. °C Lineur (rhombic) Cubie (rhombic) 
0-18 4.567 x 10* 18.70 «x 10* 
18-50 7.488 « 108 22.80 x 10* 
50-78 8.688 « 10° 25.90 x 10% 
78-97 20.67 « 10% 62.01 x 10* 


97-110 108.2 x 10° 309.2 x 10° 


Refs. 


1, 46 


46 


20°V3 


1, 46 


46 


| 
| 
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Suifur (Suiphur) S, (page 2) 
Heat of Formation, Kcal./mole at 298°K: 


Free Energy of Formation, Keal./mole at 298°K : 


Ertropy, cal./deg./mole at 298°K : 
See Tables a, bh, c, d 


(gas) 53.25 


(gas) 48.57 
(rhombic) 7.62 
(monoclinic) 7.78 


Melting Point, °C: («) 112.8 (gf) 119.25 (7) about 120 


Heat of Fusion, cal./g.: 


Boiling Point, °C: 


Heat of Vaporization, cal./mole at 717.75°K: 


Transition Point, °C: 
(rhombic —» monoclinic) 
(liquid —>viscous) 

Heat of Transition, cal./g. : 

(rhombic to monoclinic) 
(liquid to viscous) 


Heat ef Sublimation, cal./mole at 298°K: 


Heat Content or Enthalpy, ecal./mole at 298°K : 


(rhombic) 11.9 
(moneclinic) 9.2 


444.6 
2300 


95.4 
159.9 


2.992 
2.751 


Ss 24,350 
S2 330,840 


(solid) 1053 


See Tables a, b, c, and d 


a. HEAT CONTENT AND ENTROPY OF S (es: 1) 
(Base, rh-crystals at 298.15°K) 
T, °K Hr — Hoos.15 Sr— Siss.is 
cal./mole cal./deg. 
Pa ee ee a mole 
$50 ow eee es 290 0.36 
$68.6 (rh).... 400 120 
368.6 (mon)... 4865. 1.48 
392 (mon) .... 630 1.82 
892 (l)...... 965 2.87 
Egebtde et ook 1080 2.88 
500 ......-. 1940 4.85 
pee aha, Say bs Sd 2780 6.38 
700 .. 2.2.2... 3650 11% 
W178 ......2. 3810 7.96 


Entha’py : Hy — Heoes.15 == 3.58T + Ses 100i ~ 1345 (0.2 percent ; 298-368.6°K) 
Heat Capacity : C, —3.58 + 6.24 « 10°"1'; A Hoes. == 
S (mon) : 
Enthalpy : Hr —H aes 15 == 6.20T — 1800 (0.i percent ; 368.6-892°K) 
Heat Capacity : C, — 6.20; A Has, (fusion) — 335 
Enthalpy : Hy — Haes.is == 8.787 - bie aa percent ; 392~-717.8°K) 
Heat Capacity : C, == 8.78 
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Salfur (Suiphur) S,; (page 3} 


| b. HEAT CONTENT AND ENTROPY OF S (g) 4 i 
(Base, ideal gas at 298.15°K) 
| T, °K Hr~Hyseie Sr— Sears Hes tad Se Seis 
cal./mole cal./deg. cal./mole cal./deg. \ 
mole mole i 
i 400 ..... 570 1.65 1900 ..... 8320 9.72 { 
500 ..... 1120 2.88 2000 8830 10.06 i 

600 1.1)! 1660 3.86 2200 11... 9830 10.54 

700 ae 2190 4.68 2400 ..... 10,875 10.99 

800 ..... 2715 5.38 2600 ..... 11,910 11.40 

900 ....-. 8235 5.99 2800 ..... 12,950 11.79 

1000 ..... 3750 6.52 3000 ..... 13,995 12.15 
1100 ..... 4260 7.02 8500 ..... 16,650 12.96 ; 

1200 ..... 4710 7.46 4000 ..... 19,340 13.68 

1800 ..... 5280 7.87 4500 ..... ,065 14.32 

1400 111. 5790 8.25 5000 11... 24'810 14.90 
1500.2... 6295 8.60 a000 . 2... 30,330 16.91 7 
: 1600 ..... 8.92 7000 ..... 35,860 16.76 
H 1700 ..... 7305 923 | 8000 ..... 41,390 17.50 : 
1800.1... 1815 9.52 
| S (g): ; 
: Enthslpy : H+ — Hese.1s = 5.26T - 0.05 x 10°T?-0.86 x 10°T-! — 1443 j 
| (0.6 percent ; 298-2400°K) } 
Heat Capacity : C, == 5.26 - 0.10 x 10°T + 0.36 >« 10°T? j 
| | Enthalpy : Hy—Hyee.15 = 4.96T +- 0.05 x 10°T?- 0.60 x 10°T-* - 1282 { 

(0.2 percent ; 2400-8000°K) 

: y Heat Capacity : C, = 4.96 4- 0.10 x 10°T + 0.60 x 10°T? 

c. HEAT CONTENT AND ENTROPY OF S,(g) 4 i 
(Base, ideal gas at 298.15°K) 
T, °K Hr-Hyers  Sr—Sz00.15 ~— Ay— Hoses Sr — Ssat.es i 
j cal./mole cal./deg. cal./mole cal./deg. i 
t mole mole } 
| 400 ..... : 1500 ..... 10,480 18.79 i 

500 ..... : 1600 ..... 11,825 14.27 : 
| 600.1... 2485 5.72 1700 .. 2... 12,225 14.91 : 
| 700 3845 7.05 1800 ..... 18,125 15.48 4 
800 ..... 4220 8.22 1900 ..... 14,026 15.92 
900 ..... 5095 9.25 2000 ..... 14,925 16.2% 
1000 ..... 5975 10.17 2200.1... 16,730 17.74 
1100 6855 11.01 2400 ..... 18,545 18.08 \ 
| 1200 ..... 7145 11.79 2600 ..... 20,360 18.76 
1800 ..... 8635 12.50 | 2800 ..... 22,175 19.48 
1400 ..... 9585 15.17 | 38000 ..... 23,995 20.06 
ee St pe xt ilar RE 
{ 

: 206 
| 
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i . Sulfur (Sulphur) 8, (page 4) 


iy Sa(g): 
Enthalpy: He—Hyes,19 == 8.72T + 0.05 x 10°T? + 0.90 x 10°T 4 - 2909 
(9.8 percent ; 298-3000°K) 


Heat Capacity: C,=8.72 + 0.16 x 10°T 0.90 x 108T? : 


a, HEAT CONTENT AND ENTROPY OF 2.(g) 4 

‘ : (Base, ideai gas at 298.16°K) 
T, °K. Hy - Hopes: 
cal./mole 


Seta etebatln tS eo ta eg 
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6.1 percent ; 298-1000° 
Heat Capacity: C, = 42.64 4+ 1.04 ~ 10°T - i < 16°T? 
Decomposition Temperature: For DTA see Addn. Ref. 5 
Decomposition Products: —. 
Vapor Pressure: 
___Press, mm, 1 10 46 100 400. 760 | > IMP, > 


Seg): 
Einthalpy + Hy~ oa. — 42.647 + 052 x 10-01" + 8.04 10°F ~ 14,420 
Temp.°C 188.8 243.8 2883 327.2 3996 4446 112.8 = 


Form Raxge Equation (F in mm.,T in °K) ~~ | 46 
rhombic 20-80 iog P 11.664 - 2708 


monoclinic 96-116 log P==11. 254 ~ 982 


liquid 25-74 log F ==8. ny 088 


CR ROE Or REET LETTERS, ENTE CRRA IN. SIEGEL: TORE ABET ENN: ROR Hin eee in tees age 


pease 


& 405.1 


120-325 log F = 14.7000 ~- .0062288T - 
8268.2 ; z 
a : 


; 


6-550 log P -= 7.48287 — 


X-Ray Crystallographic Data : a 
Atoma/ 
System Space Group a 6 6 Unit Cel: 46 


rhombic Vis 10.87 12.845 24.369 128 
(16 gee yaa 


| 
rings} | 
monoclinic Ch, 10.90 10.96 11.02 | ’ 
| 
| 


EY RENEE ee mre CNMI ay eee 


(8 erght- anembered 
rings) 


Hygroscopic:ty: 


35 


| Spec. grade, % geinat 70°S in su8}..: ser at mie 50, and 
4) 

| 0.01 at 90% R..1. 

d 
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Sulfar (Suiphur) S, (page 5) 
Solubility Data: 


In water: : insoluble 

in alcoho] and ether. slightly soluble 
In carbon disulpiride, 70 g./100 g.: sorble 

In light petroleum, hot benzene, toluene and 

benzyl chloride: soluble 


Health Hazard: Bclieved to be nuntexic. Tank car shipments of molten sulfur 
may accumulate poisonous H.S gas, which is alsc fismmable and explosive. 
In unloading operations suitable precautions should be taken. 


Safety Classifications: 


ve OSM: not specified 
“ Probably class 2 asa pyrotechnic material. 
“4 ICC: not mentioned 
Fe U.N. . - an inflammable salid 
, _ hazardous 


re Coast Guard: 

: Fire and Es, '>:sion Hazard: When ignited, molten S will burn in ah producing 
acrid fumes of SOQ,2, which are irritating, suffocating and lachrymatory. 
and inhalation should be avoided. Burt.ing S can react vigorously witt. 
oxidizing materials, Suifur wi.en compounded with chlorates and some 
other oxidizing agents, forms sensitive explogive mixtures. When mixed 
with carbon, lampblack, fats and oils, S forms mixtures which can ignite 
spontaneously. It should be stored away from oxidizing agents. To fight 
fire use water. 

4 Electrostatic Sensitivity: When rubbed with most substances it becomes nega- 

* tively charged. 

, Minimum energy required for ignition by an pectic spark, millijoules: 


Ignition Temperature, in a# at atmospheric pressure, °C: 


: 48-261 
~ closed cup: 405°F 
fe -  Opencup: 440°F 
‘e Minimum Explosive Concentration of dust, mg./).: 


(monoclinic) 2.240 


Heat of Combustion, Kcal./g. : 
e (rhombic) 2.260 


Additional References : 

ly “Tne Sulphur Data Book,” W. N. Tuller, Ec., McGraw-Hill Bock Co., 
New York (1964) 

2) “The National Fire Codes, Vol. II, Combustible Solids, Dusts, Chemi- 
_cals and Explosives,” National Fire Protection Association, Inc., Bos- 
ton, Maas. (1958) 

3) “The Nationa! Fire Codes, Vol. II, The Prevention of Dust Pes 
National Fire Protection Association, Inc., Boston, Mass. (1952) 

4) “Sulfur May Have Helical Structure,” C & EN, p. 44 (Sept. 5, 1960) 

v) Trans. Faraday Soc. 55, No. 444, 2221 (1959) 
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TETRANITROCARBAZOLE, (C,H,).(NO.) NH Refs. 
(Tetranitrobenzepyrrole, Tetranitroidiphenylamine, TNC) 


Specification No.: PAPD-689 (1954) pending revision of MIL-T-13723 


Molecular Weight: 347.20 
Crystalline Forms: «a, needles; 8, plates; y (1,3,8,8) prisms 18 
Color: , light yellow 13 


TNC is produced by treating carbazole with sulphuric acid and then nitrat- | 88V20 
ing the suiphonic acids to yield a mixture of principally 1,3,6,8 and about | Addnl. Ref. 1 
10% of 1,2,6,8 TNC. The structure of the 1,3,6,8 isomer is 


SPENT Oe een eR A LOOM ee ae Ae et ee ete wee ee 


O,N NH NO, 
‘ ON NO, 
Density, g./ml.: —_— 
Coefficient of Thermal Expansion: —_—— 
Heat of Formation: — 
Free Energy of Formation: — 
Entropy: 
Melting Point, a: about 581°K (303°C)  +| 88V20 


with decomposition 
8: 598°K (820°C) 
| y: (1,8,6,8) 558°K 
| (285°C) with 


decomposition 
‘ Specification : 285°C min. to 300°C max. 
Boiling Point: —_— 
Transition Point: —- 
Heat of Sublimation: _— 
{ Heat Content or Enthalpy: —_—— 
Heat Capacity: 
Decomposition Temperature : Decomposes turns red-brown above Addnl. Ref. 5 
on heating: 200°C 
For DTA see Ref. 38 i 
| Decomposition Products: —_——- 
i Vapor Pressure: — ve 
X-Ray Crystallographic Data: — 
Hygroscopicity, at 80°C, 90% R.H.: 0.04 18 > ee 
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Tetranitrocarbasole, (C,H), (NO:).NH (page 2) 7 


Solubility Data: In water (g./100 g.) a¢ 26°C: 0.1 18, Addni. s 
In nitrobenzene: very soluble | Ref. 8 
In hot acetone end hot pyridine: soluble | 
In nitrobenzene, chloroform, CC\,, ether, ligroin: insoluble 
o—-in glacial acetic acid: practicaliy insoluble 88V20, Addni. 
in KOH: soluble with formation of Ref. 2 
a yellow color 
in cone. H,SQ,: soluble with formation of 
a green color i 
B-—in giacial acetic acid (hot) : soluble 
in glacial acetic acid: 8.08% | 
in pyridine: 8,55 9 i 
in ethyl alcoho! : trace 
Health Hasard: toxic; and is used as 12 d 
an insecticide 3 
Safety Clascifications : ( 
OSM: elasa 9 se 
ICC; not lieted t 
Fire and Explosion Hazard: Dangerous, exploded by shock. When heated to | 12 § 
decomposition it emits highly toxic fumes. é 
Can react vigorously with oxidizing materials. i 
Electrostatic Sensitivity : — M 
Gata ony (1,3,6,8) TNC | 18 j 
Oxygen Balance to COs, %: 35 ‘ 
Oxygen Balance to CO, %: ; ~80 ae: 
Nitrogen (cale’d for C.P.) 4%: 20.0 7 
Nitro nitrogen (cale’d for C.P.) % : 16.0 (sper. min. 15.5) No 
MP,,°C: 296 
Impact Sensitivity : 2 kg. wt., sample weight 14 mg. : 
BM. a) atus, cm.: 100 18 
P.A., ne 18 a 
Friction Pendulum Test: unaffected by fibre or 
steel shoe 
Explosion Temperature (5 sec.), °C: decomposes at 470 
100°C Heat Test: 
% logs first 48 hrs.: 0.18 
lors second 48 hrs.: 0.08 
jon in 100 hrs.: none 
Vacuum Stability Test, cc. gas/40 hrs. from a 5 g. sample: 
100°C; 0.2 
120°C: 0.2 
Sand Teat (200 g. bomb) 
Sand crushed through 80 mesh screen: (gas) 41.3 
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Tetranitrocavbazole, (CsH,)2(NO2).NH (page 3) 


Sensitivity to Initiation: 


Lead Azide 0.20 ¢. plus teiryl 0.25 g. 


Method of Loading: 
Method of Storage: 
Heat of Combustion, cal./y. at 18°C: 
Use in Pyrotechnics: 


Additional References: 


.) “Identification of Isomers Formed in the Nitration of Carbazole,” D 


pressed 
dry 
87%2.4 


as a fuel, particularly in 
some igniter powders 


B. Murphy et al., J. Am. Chem. Soc. 75, 4239 (1958) 


2) C.A. 48, 2084 (1954) 


3) sieenY Arsenal Technical Reperts 18/7, 1802, 1987, 1973, 1984. and 
1 


4) P. Tavernier and Maurice Lamoroux, Mem. Poucres 39, 341 (1957) 


5) “Uber die Einwirxkung von Athylnitrat auf Dipheny! und Di,henyl. 


Abkémmilinge,” H. Raudnitz, Ber. 60,741 (19273 
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“FHIOKOL” (LIQUID POLYMER \.P.2) i Refs. 
(Thiokol is a trademarked name) 


Thiokol LP-2 Mix is a polymer manufactured by the Thiokol Corporation 
in the Hquid state. It is a completely polymerizable material which can be cor- 
verted by suitable curatives io a tough resilient rubber without apprecisisle 
shrinkage, In the rubber state it remains flexible to -65°F and dces not meli si 
elevated temperatures. Its maximum service temperature is around 250°F, but 
it will atand higher intermitten.: temperatures. it is sold as a viseous liquid with 
a viscosity of about 400 poises at 25°C. It is cold setting. 
i 


ANl data frove 
Thiokel 
Corporation, 
Trenton, N.d., 
Keg. 5& 


Formula or Structure: The average structure is as follows: ; ; 
FiS—(C,H,-CH,-O0-C,H,-S-S ) 23-C,H,-O-CH,-O0-C,H,-SH. Occasionally in 
the chain of recurring units there is a side mercaptan group. The terminal 


SH groups are very reactive. 
Specifications : none 
Physical Properties: 
Colov: amber 
Sep Gravity: 1.27 
olecular Weight : approximately 4000 
Stability : indefinite 
Moisture Control leas than 0.2% 
pH (of water extract) 6.0 to 8.0 


Chemical Reactivity: LP-< is slightiy acid when pure and is stable. In alkaline 
medium it polymerizes Bie gar 
n[HS_(RSS) , R-SH] “OH, (Rss), +nH,0. 


The reaction in exothermic. R in the above equation denctes the group 
(C3id,-O-CH,-0-C, Hi, ). 

Curing: Organic peroxides ; e.g., benzoyl peroxide, tertiary butylhydroperoxide, 
tertiary” butylbenzoate, and cumena hydroperoxide will promote cure. Con- 
ventional paint driers will serve to introduce O from the air and can be 
used to polymerize LP-2. Cobalt driers are outstanding for this purpose. 

Compatibility Data: 

In the data given below solutions were prepared by stizzing small incre- 
ments of solvent into weighed quantities of the liquid pelymer and continu- 
ing until precipitation or cloudiness occurred. The figures given jadicate the 
ultimate tolerance of LP-2 for the solvent. Thus 76% for methyletny! 
ketone indicates 70% of the ketone and 80% LP-2 by weight. At 100%, 


dilution is infinite. 

Solvent % | Solvent % 
glacial acctic acid 20 cyclohexanone 100 
methanol 0 | aniline 10 
ethanol 0 | benzene 100 
diethyl ether 20 toluene 100 
dioxane 190 carbon tetrachloride 10 
petroleur, ether 10 ethyl acetate 109 
acetone 50 dibutylphthalate 100 
methylethylxetone 70 nitromethane 0 


Uae in. Pyrotechnics : As a fuel when polymerized 
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TITANIUM, Ti Refe. 


Specification Nu. : MIL-T-18405A (CmlC) 5 
Molecular Weight: 47,90 ; 
Crystalline Form (at temperatures ap to i 
about 800°C): a, hexagonal i 4 
above transition: 8, cubic i 
Color: silver grey to dark grey a i 
Density, g./m!.: (solid) 4.50 : 
Cociticient of Thermal Expansion, linear (a), at R.T.:3 x 10° 38 
Temp, Range °C Coefficient 
—195 to + 20 8.8 x 10% 27 
i 20-200 8.9 X 10°§ 
i 20-400 9.9 x 10-8 
, 20-200 19.3 « 10°6 : 
Heat of Formation, Kenl./moie at 292°K : (gas) 112.6 5 
Free Ener gy of Formation, F 2al./mole at 298°K: (gas) 101.944 6 
; Futropy, cal. ‘ceg./mule at 208°K ; fe) 7.88 2, 5 } 
i! (gas) 43.07 4,5 
; See ‘Lables a and b : 
! Melting Point: 1340°K (147°C) 4 : 
Heat .: Fusion, cal./mole: 2700 5 ' 
Boiling Point: BEEOM (L2TTEC} 5 
Heat of Vaporizati..1, cal./mole: 192, B00 5 : 
Transition Point, hexagor.al («) tocubic (8) : LUBESE, (882 e7) 4,5,9 
Heat of Trensition, cal./mole: 9b0 4 : 
Heat of Sublimation, cal./moie at 298°K : LIZ he i} 
Heat Content or Enthalpy, cal./mole at 298°K : (setid) 1150 
(gack 1802 h 
See Tabies 2 and b 
a. HEAT CONTENT AND ENTRO?Y OF Ti (ce, 2 4 
(Base, a-crystale st 298.15°K) 
1, °K Hr — Hops. T° Hy — Havas Sxr- Ssus.ss oe 
‘ cal./mole cal./mole cal./deg, 
he i ay es mle 
f AND 2a ees 625 9600 12.05 
500. 1250 10,850 12.58 
t OO 6. ees iSz0 11,100 12.39 
| G00. 2610 11,850 18.42 
i 806 . 2... 3880 12,600 18.82 
4 969 ..... 4070 12,900 18,98 
i 1000 ..... 4840 17,860 16.28 
; W900 2... 56380 7,840 16.52 
? 1158 (a) . 6070 19,440 17.22 
| 1155 (R) . 7020 21,040 17.98 
i 1200... T3850 22,640 18.62 
1303 0.2... S100 7 24,240 19.21 
1400 8850 AE 25,840 19.77 
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Titanium, Ti (page 2) 


Ti (a) : 
Binthalpy : Hie — Hogeg as <== 5.28T + 1.26 >¢ 10°°T? - 1877 (0.8 percent ; 298-1155°K) 
Heat Capacity : C, == 6.25 + 2.52 x 10°T 
Ti (A): 
Enthalpy : Hy - Hass.13 == 7.50T — 1650 (0.1 percent ; 1155-1940°K) 
4 Hiceo (fusion) == 4450 
Soe. Ti (): 
Enthalpy : Hy - Hye0,;6== 8.60T -+ 1840 (0.1 percent ; 1940-3000°K) 


b, HEAT CONTENT AND ENTROPY OF Ti (z) 
(Pase, ideal gas at 298.15°K) 


T, OK Hy is Hoes.is Ss. = Sosa.ts H; = Tos.1s Sr ai Sasa.is 
cal. /mule cal./mnle cal./deg. 

mole 

400 ..... 575 67 | i900 ..... 8495 9.87 
ROO 2... 1120 88 | 2000 ..... 9075 10.16 
6oo |... 1 3.84 2200 ..... 10,275 10.74 
700 ..... 2170 4.64 2400 ..,... 11,530 11.28 
800 ..... 2e25 5.238 | 2600 ..... 12,840 11.79 
900 .. 8196 5.94 2°00 1... 14,210 12.31 
2009 2.00. $705 6.47 8000 ..... 16,685 12.81 
1100 ..... 4215 6.96 3500 .... 19,460 18.98 
1200 2.0... 4739 7.40 AMO ..... 23,630 15.16 
1800 ..... $245 7.82 4600 .... 28,110 16.15 
140) 1... 5765 8.20 5000 2... $2,955 Led 
1866 2... 3290 257 | e000 ..... 42,885 18.98 
1000 ..... 6825 8.91 7000 ..... 53,820 20.59 
1700... BIE 924 | 8000..... 63,820 21.99 

yas 7980 _ 9.68 es nae 
8): 
Entha!lpy : Hy -- Hoee.1s = 4.72T + €.20 x 10°T? - 0.90  10°T. 1128 
(0.6 percert ; 298 - 2000°K) 


Heat Capacity: C, == 4.72 + 0.40 x 10°T + 0.930 « 109T? 

Enthalpy: Hy ~ Hoses. 15 == 3.721 + 0.89 3<¢ 10°97? — 1.68 « 10°7* ~ 682 
(0.6 percent ; 2000 — 6200°K ) 

Heat Capacity: C, == 3.72 + 1.18 x 10°T -- 1.58 x 10°T® 


Heat Capacity, cal./mole at 298°K : (solid) (8) 7.59 E,9 
peas eat 
See also above as 
Decompcsition Temperature: ne 
Decomposition Products: einai 
2420 ag 


Vapor Pr isure: In the tamp. range 1480-1810°K; log p = 7.80 ~ > 


Dax preas, in ativecaphores and T = abaclute temp. 
For other eguaticns see Ref, 83 and Addn. Refs. 8 and 4 
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Titanium, Ti (page 3) 
X-Ray Crystallographic Data. 


System Space Group a ce Atoms/Unit Cell 

hexagona! D 2.951 4,692 2 

cubic & 8.288 z 
Hygroxcopicity (cumuiative increase in weight after) 

Storage over H,O for 29 days: 1.7% 

H.SO, for 29 days: 0.0% 

Two days in oven at 106°C: 0.0% 
Solubility Data: In cold water: insoluble 

In hot water: decomposes 

In dilute acids on heating: soluble 
Health Hazard: none; physiologically inert 
Safety Classifications: 

OSM: class 2 


ICC: Powder listed under “Explosives and Other Dangerous Articles” as 
a flammable solid; yellow label. 
ULN.: inflammable solid 


Firs and Explosion Hazard: Powdered metal exposed .¢ air is s dangerous fire 

hazard and burns with intense heat, Prevent wats: from contacting the 
material, Store and process in rooms or buildings adsquately vented at the 
highest point to prevent the accumulation of hydrezen gas which results 
from the reaction of powdered metal and moisture. When mixed with oxi- 
dising material, the powdered metal is a ganperae fire and explosion haz- 
ard. In the repair and maintenance of buildings or equipment, powder or 
dust should be removed and nonsparking tools used. 
Finely ground titanium powder explodes spontaneously when in contact 
with hot air, and burns in atmospheres other than air. At 689°C, the fine 
powder burns in pure carbon dioxide. At red heat, titanium decomposes 
stvam to free hydrogen. Above 1475°F it burns vigorously in atmosphere 
of pure nitrogen. The metal and its alloys explode when treated with nitric 
acid. Oil covered titanium chips have ignited spontaneously. 


Precaut:ons When Hoe idling Titanium: 
Titanium powder ia shipped and stored wet, Moisture content of containers 
of titanium powder should be kept above 20% by volume. All standard 
precautions must be taken when handling the powder. Metal equipment 
with which it comes in contact must be eounded, and operations carried cut 
in atmospheres of helium, or argon. Atmospheres of carbon dioxide and 
nitrogen are ineffective since dust layers of the powder ignite in these yasea. 


51 


29 


12 


14, 49, 51 


“4 


Electrostatic Sensitivity (minimum energy required for ignition of powder by | 26 


electric sparks, millijoules) : (dust cloud) 10 
(dust layer) .0C8 


Ignition Tamperature, °C: 


Maasive metal in air 700-800 
Powder 1m air 250 
Dust Cloud 880 
Dust Layer 880 
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Titanium, Ti (page 4) 


Minimum Explosive Concentration : 

Powdered metal, mg./1. 45 26 
Corrosion Resistance: Extremely resietant to corrosion by most substances. 88 
Use in Pyrotechnics: As a fuel. According to the specification, it is used in first 

fire mixtures for incendiary munitions. 


Additional References: 


1) “fhe Explosive Characteristics of Titanium, Zirconium, Thorium, Ura- 
nium aan Hydrides,” I. Hartrnann et al., Bureau of Mines B.I. 


2) Ref. 64 
8) L.G Carpenter, Nature 163,527 (1949) 
4) J. Phys. Chem. 59, 127-131 (1955) 


TITANIUM DiIGXEDE, Tio, 


(Titanis, Titanium White. Rutile, Anatase, Prookite) 


rereent Oxygen: 
Specification No.: 


4G.G% 
TY-- 0-9 38a (Dry-Paint 
P} pment? 


The specification covers one grade and three types cx titanium dicxide pig: 


ment which vary in purity: 


Typel, Free chalking (anatase) 
Hf, Semi-chalking, aluminum treated (rutite) 
UI, Chalk-resisting, silicon-aluminum-zine-treated (rutile) 


Molecular Weight: 
Crystalline Form: 


79.20 
tetragc:.ai 


Allotropie Forms: TiO, occurs in four allotropic forrns; brookite, rutile, 
and two forms of anatase. The stabilit.’ fields of these modifications have 
not been clearly determined, but anatase TI is reported to transform to sna 
tase I at 642°C, and anatase I to rutile at 915°C, The first transformation 
is rapid; the second siow. The formation of a rutiie structure ciso has been 
found to occur when Ti,O; is oxidize:i. 


Color: (purified titania) translucent water white or yellowish cast, Turns yel- 


Jow then brown when hezted. 
Density, g./ml. : 


Coefficient of Thermal Expausion: 
Ref. quotes Addnl. Ref. 5 


Coefficient of Thermal Expansion per °C: 


Heat of Formation, Keal./mole at 298°K : 


See Table a 


Vree Ey orgy of Formation, Keal.,mole at 298°K : 


See Table a 


(solid) brookite 4.17 
octahedrite, anatase, 3.4 
rutile 4.26 

$x 10° 


(E x 107) where E is 
70-80 over the range 
20-600°C 

(¢, HY) rotile, -218.0 


(c, WI) ritite. -203.8 


a. HEAT AND FREE ENERGY OF FORMATION OF TiO, (rutile) 


T.c°K AH (eal. mole) 
294.160... 226,500 (+ 250) 
400 0.000, 225,350 
HOO LLL. 225, 500 
600 fas - 224,900 
WO ol. 224,700 
800 2, 224,500 
900... 224,300 
WOO 2 224,150 
HOO LL, 224,006 
TSO, rat 223, 950 
Pe ot thas 224,900 
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“a Fe (cal/mole) 


St 


Addnl. Ref. 4 


1,9 


2 


~212,300 (+ 
207 800 
~203,450 
-199,150 
~ 194,850 
190,600 
-136,400 
~ 182,200 
178,060 
175,900 
ATS 900 


250) 
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Titanium Dioxide, TiO, (page 2) : 
"TK ~ AH (eal./mole) AF® (cal./mole) 
i200 .....~——C~« 224,800 ~173,800 
1800 ..... ~224,600 -169,550 
1400 . 2... —224,400 -165,300 
1500 ..... ~224,150 ~161,100 
1600 ..... ~223,900 -—156,950 
1700 ..... ~223.650 -152,750 
1800 ..... ~-223,400 ~148,600 
1900 .. 0... -223,150 ~144,450 
2000 ..... —222,850 -140,300 
Free Energy Equations: 2 
Reaction Range of Validity, °K 
1) Ti (a) + O2 (g) == TiO, (rutile) 238.16-1150 
A FS = — 228,360 -- 12.80T log T + 1.62 (10°T2) + 1.975 (10°T"!) + 82.81T 
<) Ti (8) + O. (g) = TiO: (rutile) 1150-2000 
A FS == - 228,380 - 7.62T log T + .26 (10 °T?) + 1.975 (10°T) + 68.43T + 
Entropy, cal./deg./mole at 298°K: (ec, III) rutile, 12.01 9 
See Tables b, c 
Melting Point: 2108°K (1835°C) 9 
Heat of Fusion, Kceal./mole: 15.5 + 2.5 24 
Boiling Point: (rutile) 2500°K (2227°C) | 63 
Heat of Vaporization, Keal./moie: 138.9 Adanl. Ref. 1 
Transition Point: —— 
Heat of Sublimation: —— 
b. HEA? CONTENT AND ENTROPY OF TiO, (rutile) 4 
(Base, crystals at 298.15°K) ; 
TOK OAe-Hins Sr Sins | Tek AyeWieas. - S—Stae- 
cal./mole eal. /deg. cal./mole cal./deg. 
ewan ieee De eI oe oae _______mole_ 
10 1... 1540 4.43 1300 ..... 17,000 24.38 
500 2 2. 3100 T.91 | M00 1. 0.. 18,820 25.73 
600 . 2... 4735 10.89 | 00 2... 20,680 27.00 
700 . 2... §440 13.51 | BOO LL, 22,030 28.20 
800 . 1... 8160 5.81 eo . lL. 24,120 29.55 
900... 9900 17.26 WOO De, 26,340 30.44 
W002 0... 11,650 19.70 19900 2... 28,280 31.49 
WOO .. 2... 13,420 21.39 2000 0.0... 30,250 32.56 
200 ..22.., {5,200 22.94 | 


TIO. (rutile) : 
Enthalp; :Hr- Hoye is  17.97T 40.14 & 10°T? 44.85 % 108T + 6820 
(0.8 percent ; 298- TR00°R ) 
Heat Capacity: C, ~ 17.97 4.0.28 « 10°T 4.85 x 10°T 2 
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Titanium Dioxide, TiO. (page 3) 


c. HEAT CONTENT AND ENTROPY OF TiG, (anatase) 
(Base, ccystals et 298.15°K) 


Hy- Hosts 


"TOK Hye sSt-Snanas | TSK 


eal./mole cal./ceg. eal... nole 
mole 
400 ..... 1540 4,43 900 ..... 9930 
500 ..... 3100 7.91 | ROOG™ op 6, 8 3 11,20 
600 ..... 4735 10.89 1100 2... 13,520 
10 .... 6440 18.52 1200 ..... 15,2850 


800 ..... 8170 15.22 | 1300 ..... 17,180 


TiO2(anatase) : 
Enthalpy: Hy - Hoes.is == 17.83T + 0.25 x 10 *T? + 4.23 « 10°T — 6757 
(0.7 percent ; 298-13800°K) 
Heat Capacity : C, == 1'7.83 + 0.50 x 10°T — 4.23 « 105T 
deat Capacity, cal./deg./mole: (solid) 12.16 
See equations above 


Decomposition Temperature: —_—— 
Decomposition Products: —— 
Dissociation Pressures : 

Vapor Pressure, log pan. == ee 0.492 x 10° + 11.19 (T = °K) 


at 2000°K, log p-= 4.97 atm. See also Ref. 54V6 
X-Ray Cryststiographic Data: 


System Space Group a c Molecules/ Unit Celi 
(rutile) tetragonal Dis 4.58 2.95 2 
Hygroscopicity : nonhygroscopic 


Solubility Data: In water, HCl, HNOs, dil. H.SO,: insoluble 
In hot concentrated H2SQ,, alkalies: soluble 


Health Hazard: Considered harntiess. but high concentrations of the dust may 
cause irritation to the respiratory tract. 
M.A.C., ng./m of air: 


Safety Classifications: 


(tentative) 15 


OSM: not listed 
cc: not heted 
Fire and itxplosion Hazard: none 


Plectrostatic Sensitivity: 


a product of the 


Use in Pyrotechnics: 
combustion of Ti 
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Sr et Sz08.15 
cal./deg, 
mole 
17.89 
19:78 
21.51 
23.09 
24.55 


63 
Addnl. Ref. 1 


12, 25 


Addiiional References : 
L) “Vapor-Solid Equilibria in the Titanium Oxygen System,” W. Groves 
etal, J. Phys. Chem. 59, 127 (1955) 


> Ref. 64 
3) For color changes see also Ref. 44V29 sup 


4) F. Hummel and BE. Henry, Report 6, Penn. State College Schoo! of 
Miucral noustries, PB 60, 659 (1946) ; cited by Ref. 65 ‘ 


&Y Ind, Eng. Chem. 38,1087 (1946) 


TOLUIDINE-RED TONER (dry paint pigment) 
(1-(3-Nitro-p-Tolueneazo)-2-Naphthol, 
Metanitroparatoluidino-azo-Betanaphthol, C.i. 12120, 
C1, Pigmeut Red 3) 


NO, 


OH 
Formula: HC = N:N ft - 


Specification No.: 


The color shall be resistant to HNO, (1.20 Sp. Gr.). to HCL (1.10 Sp. Gr.) 


and to 10% caustic soda solution. 
Molecular Weight: 
Crystalline Form: 


Color: 


Density, g./ml.: 


Coefficient of Thermal Expansion: 
Heat of Formation: 

Free Energy of Formation: 
Entropy: 

Me. ting Point, °C: 

Heat Gt Fusion: 

Poiling Point. 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 
Heat Capacity: 

Decomnosition Temperature: 
Decomposition broducts: 
Vapor Pressure: 

X-Ray Crystallographic Data: 
tivgroscepieity : 


Soleblity Date: in acetone and chloroform: 


‘aaleohe! 


and bonzene: 
In bot water: 
‘health Hazard: 


Safety Classitications : 


AYE 


i Refs. 
82, 48/ 

Cy7Hi3N305 
TT-T-562 
307 32 
microscopic delicate 82 

feathery needles 
purplish or brown; bright | 82 

red to somewhat darker | Spec. 

yellowish red 84A 
(solid) 1.40 $2 
(bulking value) 0.08576 82 
258 48A 
pencneaetyay | 

' 

soluble 82 
sl ghiy scluble ARA 


x2 


e 


very slighiiy solubie 


eg bare ick. Cae 
PBR Seg at as am 


Toluidine-red toner (page 2) 


Fire and Explusion Hazard: 


Electrostatic Sensitivity : 
Resiatance to light: 


to heat: 


to acids and alkalies: 


identification. 


Additional References: 
1) Ref. 82 


(full shade) excelent 

({tiat) good 

to 320°F 

poor when baked 20 min. 
at 270°F 


good 
Use in Pyrotechnics. Added toe igniter compositions to impart = red color for 


82 
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1,4-di-p-TOLUIDINOCANTHRAQUINONE Refe. 
(1,-4-di-p-tolyaminoanthraquinone, 92, 404 
D & C Green No. 6, Quinizarine 
Green G Base, C.1. 61565, C1. Solvent Green 3) 


wage! 
0 
2) 
Fog 
open brad 


Formula: CogHy2N202 
ec 
uo ON CH, i 
O#H ' 
Specification No.: MIL-D-3277 ; 
Molecu'ar Weight: 4185 4 
, Crystalline Form: needles 88V14 : 
Color : Green, Yrom chlorobenzol—blue, 88V14 
trom glacial acetic acid-—dark violet 88V14 Hi 
Density, g./ml. 3 
Annerent Density: (Spec.) 0.45 - 0.25 : 
Temperature Coefficient : a 
Heat. of Formation: — : 
Free Energy of Formation: — 
Entropy: 
Melting Point: 491°K (218°C) 68Vil4 
Heat of Fusion: —_—— 
Boiling Point: —— 
Transition Point: —- 
Heat. of Sublimation : a 
Heat Content or Entnaipy: waa 
Weat Capacity: oo 
Decomposition Temyerature: — | 
' Decomposjticn Products: 0 ee = 
Vapor Pressure: — 
X-Ray Crystallographic Data —— 
Hygroscopicity: a 
“ Solubility Data: In a-cohol (g./l.) . G2°C: 34 Addnl. Ref. 1 
t Tn aniline: soluble with green color {| S8&Vi4 
In concentrated HSC,: solub.: with violet-blue | 
i ector or viclet-red 
i In chloroforia and in benzene: sobsple 
: Health Harvard. unknown | 92 


AIS 


1,4-Di-p-tolufdineanthraquinone {page 2) 


Safety Classification : 
OSM: 
Oc: 


Fire ond Expiosion Hazard: 


Flectrostatic Sensitivity : 
Use tn Pyrotechnics: 


Additional References: 


not listed 
not listed 


to color smoke mixtures 
green 


1) “The Dyeing Phenomena of Acetate Artificial Silk,” V. Kartaschoff 
and G. Farine, Helv. Chim. Acta 2, 8°? (1928) 
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TUNGSTEN, W | Refs. 
(Wolfram) 
Specification No.: MIL-T-15227 ; 
Molecular Weight: 183.86 | 
Crystalline Form: (eubie) 6—form trans- & } 
forms irreversely to « | 
above 760°C 
Color: grey-black ik 
Density, g./ml.: (solid) 19.3 | 
Coefficient of Thermal Expansion, lincar: t 
—108 to 0°S: 42x 10°? il 
0-100: 4.3 10-6 | 
0-300: 4.5 « 10% 
: 0-509: 4.6 x 10° j 
o 1000--200¢ : 6.1 164 
Heat of Formation, cal.,mole at 298°K: (gas) ~200,000 | b 
Free Energy of Formation, cal./mole at 298°K: (gas) -190,009 1.5 
Entropy, al./deg./mole at 298°K: (gas) 41.55 5 
(c) 8.04 | 
See Tubles b, ¢ ; 
Meliing Point, °K: 3650 5) 
Heat of Fusion, cal./mole: 8420 5,7 
Boiling Point: 5800°K (5427°C) 5 
Heat of Vaporization, cal./rmoie: 191,000 5 
Transition Point: _ | 
Heat of Sublimation, cal./mole: 290,000 5 
Heat Content or Enthalpy, ca}./mole: (solid) 1216 5 
(ges) 1486 
Heat Capacity: (solid) 5.92 5 
(liquid) 8.5 
(gas) ‘VE 
| 
a. HEAT CAPACITY OF TUNGSTEN (solid) | 5 
T,cK OC) cai/deg./mole | T, OK Co cal./deg./mole 
7 293 oa eds -— 5.92 <= 1606 f ae % + 700, | 
600 2... 6.17 | 2000 22... 7.33 
HOO Ll... 6.54 2500 wy ce & V.74 
WOU... 6.50 | s000 00... B15 | 
W200 = os. big 6.67 | 


See aso eyuation.. below 


Tungsten, W, (page 2) 


b. HEAT CONTENT AND ENTROPY OF W (c¢) 


(Base, crystals at 298.15°K) 


T, °K Hy — Assen Sx — Sres.1s T, OK Hy — Hags.as 
cal./mole cal./deg. cal./mole 

aati’ Seay oe Blas n OIE: ene too 
400. 615 1.77 1500.2... 7730 
500. 1220 8.12 100 2... 8480 
600 22... 1830 4.28 1700 . 2... 9130 
WO ..... 2450 5.19 1800 ..... 9840 
800 ..... 8039 6.08 1900 20... 10,550 
900 ..... 8710 6.77 2000 ..... 11,270 
1000 ..... 4360 7.48 2200 ..... 12,720 
1200 22... 5010 8.08 2400 . 14,190 
1200 ....., 5670 8.65 2600 . 2... 14,880 
1300 ..0.. 6340 9.19 2809 . 2... 17,190 
14060... ., 71080 9.70 |} gooo ..... 18,720 


Wc): 


Enthalpy : Uy -~H.se.15 == 5.74T 4- 0.38 x 10*T? - 1745 (0.4 percent: 298-8600°K)} 
Heat Capacity : C, == 5.74 + 0.76 x 10°97 


¢, FEAT CONTENT AND ENTROPY OF W (g} 


TK ‘aun’ Caves’ | 


cal./mole eal./dirg. 
mole | 

400 ..... 640 1550, «1500. 

POO ce ate ae 1130 2.56 1600 

600 . 2... 1805 4.09 1700 

Wo ...., 2580 5.28 800 

B00 2... 3440 6.44 1900 2... 

900 2.2... A375 7.58 3060 22... 
1000 2... 53860 8.56 2206 2... 2: 
1700 6840 9.50 2400 2.2... 
1200 22020; T3265 10.36 2600 . 2... 
1800 ....., R209 44.14 2800 2.2... 
14400 2.00, $235 $1.84 | 3000 

W (g) 


Enthaipy : Hy : BHysais 


(Base. ideal gas at 298.15°RK) 


Lv. 70'T - 0.66 & 10 


"Tr? | 4.64 x 108T! 


(0.3 percent > 1600-300°R 1 


Heat Capacity C, - 


16 %0 ~ 1.32 « 10°T 


464 6 1ST? 


$16 


“Hr-Haeis Ss 


cal./mole 


10,150 
14,046 
i, 895 
22,730 
13,640 
44,325 
15,855 
17,330 
18,7380 
20,210 
21,636 


EBS 
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Tungsten, W (page 3) 


Vapor Pressure: At 2000-3500°K can be calculated from log p(mm. Hg.) == 40 
= ae +. 9.84 - 6.0146 log T - 0.1647, Where T = temperature °K. Vapor pres- | 1 
sure is 1mm. at 8990°C 
X-Ray Crystallographic Data: a 
System Space Group a Atoms/Unit Celi 
a, cubic Of 3.1583 2 
BR, cubic O a OF 5.04 8 
Hygroscopicity : ee 
Solubility Data: In water: insoluble 1 
In tYNO,, H2SC,, and aqua regia: very slighty soluble 
In HF and HNO; : soluble 
\ Health Haza: d: very slight 12 
‘ Safety Classifications : 
OSM: class 2 


F re and Explosion Hazard: Tungsten is dangerous in the powdered form when | 12, 14 


exposed to flame. It burns with intense heat. Prevent water from contacting 
‘he material, Storc 2nd process only in rooms or buildings adequately 
vented at the highest point to prevent the accumulation of hydrogen gas 
which results {.om the reaction of the powdered metal and moisture. 


When ¢ osmpounded with oxidizing agents, the powdered metal is a uanger- 
ous fire and explosion hazard. In the rep ir or maintenance of buildings or 
equiy ment, powder or dust should be removed and nonsparking tools used. 


Electrostatic Sensic‘vity : eae 
Use in Pyrotechnics: as a fue 


Additional References: 


ty “Tungsten,” C. £. Smithells, Chapman & Hall Ltd., London (1962) 
2) Ref. 4s 
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"TUNGSTEN DIOXIDE, WO, 


Specification No.: Cae, 


Melting Point, °k. : See Dec inposition Temperature below. Ignites in air. Ignites 
in nitrogen at 1500-166:)°C. 

Heat of Fusion Keal./mole 11.5 

Boiling Point > B-gins to sublim at about 800°C, Quite volatile above 1050°. The er 
boiling peint 3 about 1800°K, 

Heat of Vapurizac in, Keal.smeile: AR BE | 44S5-4 

Hest of Sublimetan: ido 

Heat Content or Boxha!py: 

Heat Capacity: a 

Decomposition Temperature, oX: decoinposes at 2125 + 50 8 

Decompositte.: Prod: ets: Wt} WO.which sublines | 445854 


’ 
Molecular Weight: ‘ 215,92 1A 
Crystaliine Form: cubic 1A 
Color: brown. tA 
Density, g./mi. : (solid) 12.11 LA 
Coefficient of Thermal Expansion: — 
Heat of Formation, Kcal./mole at 298°K : (c) -184.0 + 2.5 | 244 
-136.3 L’ 9,314 
Free Energy of Formation, Keal./moie at 2938°K : (@) Sth | 3 
-118 S1A 
HEAT AND FREE ENERGY OF FORMATION OF WO2(c) 12 
T, °K “AH. (cal./ Jeacle) aR (cal./rnole) 
298.16... . 187,000 (+ 2000) «124, 802) ¢4- 2000) 
400 ..... ~188,900 -120,400 
BOO 2... -186,900 -116,300 
600 ..... —136,800 ~112,100 
WOO ears < -186,800 -198,000 
800 -. 2... -136,700 -- 103,900 
90 1.2... -136,600 -99,300 
M0 2.2... ~186,600 - 6,800 
WO . 2... -136,500 --91, 700 
1200 2.2... ~-186,500 87,600 
BOQ Le. -136,400 83,500 
1406 2 2... --136,300 -79,500 
1b0O 2 oo... ~136,6 300 ~75,400 
ae copy. cal. /dey. Seales at moe 15 {e 6 
15.5 2 
16.9 + 2.5 24A 
- 31 
{ 


fis 


eed 


Tungsten Dio~‘de, WO, (page 2) 


Vapor Pressure: appreciable at 1800°K 
X-Ray Crystallographic Data: 
Molecules/ 
System Space Group a b € Axial Angle Unit Cell 
monoclinic + 5.65 489 5.55 120° 25’ 4 
tetragonal DE 4.86 2.77 2 
Hygroscopicity : —_— 
Solubility Data: In H,0, acids, KOH: insoluble 
Health Hazard: slightly toxic 
Safety Classifications : 
OSM: not listed 
Ice: not listed 


Fire and Explosion Hazard: The amorphous powder is atrongly pyrophoric and 
easily oxidized to WOs. 


Electrostatic Sensitivity : nen 
Use in Pyrotechnics: preanate 
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4, 24A 
2, 1A, 97 
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ZINC, Zn Refs. 
i Specificaiion Ne.: JAN-Z-885 
Covers three graces, which differ in purity, and tvo classes differing tn [ 
xrenulation. 
Molecular Weight: $5.38 
Crysialline Form: hexagonal 1 
Csior: bluish-white 1 
Density, g./ml.: (solid) 7.14 1 
Coefficient of Thermal Expanaion, linear at 
10--100°C: 26.28 x 10°¢ 1 
eubic at 0-100°C : 89.28 x lot 
Equation for linear coefficient : 1, —1, (1 + .2969 « 10*) + 1 
(—.063> x 0-4) 
where i, == length at temp. t in °C and 1, = length at 0°C 
Hat of Formation, Kcal./mole at 298°K : (gas* 31.18 1,9 
Free Energy of Formation, Kcal./mole at 298°K : (gas) 22.682 5 ' 
Entropy, cal./deg./mole, at 298°K: (c} 9.95 1,5 
(as) 38.45 1,5 


See Tables a and 5 


Melting Point: 692.7°K (419.6°C) 
Heat of Fusion, cal./mole: 1765 

Boiling Point: 1181°K (907°C) 
Heat of Vaporizaticn, cal./mole: 27,560 

Transition Point: —. 

Heat of Sublimation, cal.;mole 31,166 

Hest Content or Enthalpy, cal.“mole: {solid) 1349 


See equations below 


a. HEAT CONTENT AND ENTROPY OF 2&n (c, 1) 
(Bage, crystals at 298,15°K) 


T, °K Hy—Heeess | St-Sanue |) T.°K | Hy—Heeis 
cal./mole cal. /deg. ca)./mole 
pe A eh el OU tat a St Spiel cepts 
4a oo... 625 1.80 SOO 22... 5156 
500 2.2... 1270 3.24 BO LLL. 3800 
600... *940 4.46 F000! jos acs 6650 
892.7 {ce}... ZO8U 5.45 1160 2... T4009 
692.70)... 4345 8.00 ¥200> 2°. 4... £156 
700 1... 1406 R.08 
an (c} 
400 He- Haars 5.85T 4 L200 L087 1792 (0.5 percent, 298-692. (°K) 
He GCapeaty: ©, 5.35 4 240 19 98 
Zn (hp: 


EMthalpy:> He Hossa 9 7807 80 CE percent; 092.7-1200°K) 
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Zine, Zn (page 2) 


b. HEAT CON’CENT AND ECITROPY OF Zn (g) 


| 


is 


T, cK Hy ~- Hops 1s Sy - Siog.ts T,°K H. - Haos.as Se - Seon, th 
cal./mole cai./deg. eal. /mole cal./der. 
mole mole 
400 ..... 505 1.46 1900 2.2... F960 9.26 
509 . 2... 1005 2.57 2000 2.0... 845 9.46 
600 . 2... 1500 3.48 2200 .. 1... 9450 9,93 
WMO ..... 1995 4.24 2400 2.2... 10,445 10.36 
800 ....4. 2495 4.90 2600 ..... 11,440 16.765 
90 2... 2990 5.49 2800 12,435 {1.13 
1006... 3490 6.01 2006 13,425 11.47 
1100 ..... 3985 6.43 3500 15,910 12.24 
1200 ..... 4480 6.92 AOD. Pos 18,400 12.90 
1300... .. 4980 1.82 4500 ..... 20,905 13.49 
’ 1400 2.2... 5475 71.69 5000 1... £3,435 14.03 
1600 2... 3975 8.03 6000 ..... 28,675 14.98 
1606 2... 6470 8.35 700 .. 2... 34,385 16.38 
1700 2... 6965 8.65 P00 40,905 16.78 
1800 ..... TAS5 8.94 
eae vt eee tae Le fee 2 eee ates ea a Re EE oo 
“in (@): | 
Enthalpy : Hr — Hoge. 1s == 4.97T — 1482 (0.1 percent ; 298-5000°K ) 
Heat Capacity, cal./deg./mole : (solid) 6.07 4,5 
(liquid) 7.50 
(gas> 4,97 
Also see above 
Decompvzition Temperature: — 
Deccniposition Products: 0000 tee - 
Vapor Pressure: 
Press. mm 1 10 40 1600 4co 760 M.P. 1 
Temp. °C 487 593 673 T36 $44 9OT 419.4 
X-Ray Crystallograpnic Data: 
System Space Group % ¢ Atoms/tU nit Celt f 
hexayonai Dé, 2.6585 4.9342 2 | 
Hygioscopicity : On exposure to moist 4° - zinc be “omes coated with a white nasic | le, 29 
carbonate of Zn. Cumulative increase in weight after: 
Storage ¢ ver HO fur 29 days: AB Ge my 
Storage over H,50, for 29 days: AVG { 
Twodays inovene’ 1OKSC: Le: i 
Selubility esata: Tnisoluble in water, but sofuble it: sclds, iKaltes and ifamonia, 1,39 


adap 
o2i 


Aime, da pape 3) 


Filealth Hazard: Zine powder is slivatiy to gic dorately toxic, Whew he ted fuines 


¥ 


an inhated «40 cause “brass founde:s ague™ or 


of ZnO evolve, which « 
ae “Seine chutes’ or 


“brass ehills” aud fever, also can ci “sine-fdume “eo. 
“oaivo.” he affect ts usually temporary. 


M.A.C. of zine (os 20), me./m3: 1S 
Safety Classifications : 

OSM: class 2 

IOC: not listed 


Fire and Explosion Hazard: Powdered zine when hea ced ig an explosive and fire 


hazard. It burns with intense heat. Prevent water from coniacting che 
material. Stere and process only in buildings or rooms adequately vented at. 
the highest point to prevent the accumulation of eve'ved hydrogen gas. 
When compounded with oxidizing agents, the powdered metal is a danger. 
ous fire and explosive hazard, In the repair or rsintenance of buildings or 
equipment, powdered dust should be re.noved and nonsvarking tools vised. 
Fight fire with special mixtures of dry chemica’s, or powdered tale. 


See also Ref. 86 


Electrostatic Sensitivity (minimum ene.xy required for ignition of powder by 
electric sparks, millijoules) : (dust cloud) 650 
Ignition Temperature, °C: (dust cloud) 20 


(dust layer) 106 


Minimum Explosive Concentration, mg./I.: 496 
Use in Pyrotechnics: As a fuel. On burning, it produces a white light with a 


bluish-green or bluish tint. 


| 
| 
| 
| 
| 
| 


OR 1B, wo, 28 


zi 


12, 14, 49, 61 
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FEM CCAR ISON ACE, i wef 
Mornuila : “AnOoO, | 
Speeifeation Nev: M1Y.-% L206 f | 
Molocadar Woight: 15.39 
Crystalline Form: triconul ! 
Color: white 29 
colorless 1 
Density, g./ml.: (solid) 4.44 1 
Coefficient of Thermal Myunansior: ae j 
Heat af Pormation, Mcalsmole ab Zu8ek . fe) 194.2 | g 
Free Enerey of Formation. Keal./mole at 298°RK : fol -174.8 8 
Entropy, eal /deg./mole at 2O8°K: 19.7 3 Hf) 
Molting Potni: ' loses CO, at | 
5738°K (200°C) 1 
Heat of Fusion: a | 
Boiling Point: ee | 
Transition Point: ——— i 
Heat of Sublimation: ae | 
Heat Content or Kinthalpy: —— ; 
Healt Capacity, cal./deg./mole: (solid) 1916 q 
Molal Heat Capacity can be estimated from C, == 9.80 4- 23.0 (10°T) at | 4 
298--TB0°R 
Decomposition Temperature: ioses CO, at 306°C i 
Commervial ZnO, gives uff some CQ. even at 90°C. Decomposition is com- | 4 
plete at 30:0° in T nouy, and at 400° in 4% hour. | 54V4 
Decomposition Prod» :ts: ZnO 4-C6. | SAVE 
Heat of Dissoviaticr, cal./mole: 21,006 44832 sup 


Dissociation Pressure. 4 constant reproducible decomposition pressure has not | 44532 sup 
bees observed. The decomposition depends on the grain size and other 


factors. 


X-Ray Crystallographic Data: 


Molecules/ 
System Space Group a Azial Angle Unit Cell 
hexagonal Dé, 5.704 a= 48° 6 2 1 
Hygroscopicity : —- | 
Solubility Data: 
In water at 15°C: O.0Ut g. 1,12 
In acids, alkalies, NH, salts: soluble * 
In NHs, acetic acid, pyridine: insoluble 


Health Hazaid: low 


Fine Carbonate (pace 2) 


Sefety Classifications: 


; ae A TA. 
F ce Ry 


Miectrostatic Sensitivity : 
Use iy Pyrocechnies - 


alot. oy 2 
Xplosion Hauzard: 
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not Listed 
not Hsted 


as a retardant 
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ZING OX ZnO 


(Chinese White, Zime White, Flowers af fine, 


Zine Bloom, Philosepher’s Wool) 


Specification No. : 


MIEAZ-291F 


’ 
5 


Theo specification eevers three grades of which grades | and 2 are used In 


pyrotechnic mixtures. They dite: 


purer) and have the same granulation. 


Molecular Weirht: 
Crystalline Form: 
Color: 


Density, g./ml.: 


Coefficient of Thermal Kxapension, cubicel: 
Heat of Formation, Keal./mole at 29&°K: 


See Tabie a 


Free Energy of Formation, Keal./mole at 298°K : 


See Table a 


81.38 


amorphous powder 
white (or yellowish) 
Becomes lemoa vellow on heating, regaining its white coler on cooling 


(solid) 5.47 


(aver) L8 x 107 


(fused) --84.35 


{c) -83.17 


(c) --76.05 


somewhat in purity (grade 2 is the 


1 
52V15 
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a. HEAT AND FREE ENERGY OF FORMATION OF ZnO (c) | 2 


A Fo (eal./mole) 


T, °x 4 H (cal./mole) 
298.16 83,250 (-+ 200) 76,100 (=: 269) 
400.0... ~83.150 12,650 
BOO ais asc 64,050 -71,300 
600 ais gz 82,950 66,950 
692.7 82,850 66,800 
692.7 84,600 66,800 
WOW. occas 84,600 66,600 
BOO. acs 84,550 ~64,050 
ee 84,500 ~61,450 
L000! catee.0 3 84,400 68,900 
1109. yews 84,300 56,350 
TBO so a -84,200 -54,350 
VSO sc sas -111,600 «54,350 
1200 ..... ~111,550 ~53,350 
1300 -24'5-6 111,150 ~48,500 
1400? oie -s --110,750 ~48,700 
1500 ..... 116,350 38,950 
1600 109,900 34,200 
VIOUE Se og se -109,450 -29,500 
1800 ..... 109,000 -24,800 
1900: sia. 3. ~108,550 ~20,150 
2000... .. -108,100 =e BCE 


fire Oxide ZnO) (page 2 


Phase Changes of Metai 
M.LP., 692.7° ; AT 1765 eal./g -atuni 
B.P., L180°R s A: 27,430 cal./e.-atem 


Free Baergy Equations: : 2 
Reactions Range cf Vaiedity,°K 
1) Sn (ce) + % Oz (g) = ZnO fe} 298.16-692.7 i 
A FS oo 84,670- 6.40 (T log T) ++ 84 (10992) +4 .99 (108T 1) +4. 48.257 | 
2) Zn (3) + Ye On (g) == Za (ce) 692.7-1180 
AF = ~ 85,520 ~ 1,45 (T log T) -.86 410°T?) + .99 (10°T') -4- 31.25T 
3) Zn (ge) -+ 14 On (g) == ZnO {c) 1180-2000 
AF® =:~ 115,940 ~7.28 ( Tlog T) ~—.386 (10-°T?) 4-99 -- (1081) +4 74.947 
Entropy, cai./deg./mole at 298°F : — 9 
See Tables b, ¢ i 
Melting Point: > 20738°K (> 1800°C) i 
: zincite, 2243°K (1975°C) 63 . 
Heat of Fusion, ¢./cal./mole: A4ATO 7 ° 
Boiling Point: decomposes 24 
zincite, decomposes 63 
2228°K (1950°C) 
Transition Point: —— 
Sublimation Temperature: 20738°K (1800°C) 5OV15 
Heat of Sublimation, Keal./mole: i11-112.5 44832 sup 
b. HEAT CONTENT AND ENTROPY OF ZnO (c) 4 


(Base, crystals at Z98.15°K) il 
T, °K He = Hiseis Si — Bives | TOK Hh | See Sniae 


« il./mole cal./deg. cal./mole cal./deg. 

mole | mole 
400 mi at 1070 2.08 i806 2... 12,120 17.29 
500 ..... 2130 5.58 1400 ..... 13,450 18.28 
600 ..... 3350 7.69 1500 ..... 14,800 19.21 
Wo ....., 4530 9.51 1600 ..... 16,160 20.09 
800 ..... BT46 11.13 | 1700 . 2... 17,530 20.92 
900 ..... 6970 12.57 ; 1800 ..... 18,910 21.71 
21000 .. 8220 13.89 1960 ..... 20,300 22.46 
TLOM a ae. 9500 15.11 2000 ..... 21,700 23.18 
1200 ..... 1y,800 16.24 

ZnO (c): 


Enthalpy : Hy -- Hoys.15 = 11.71T + 0.61 & 10°°T? +. 2.18  105T-1 - 4277 
(0.4 percent ; 292-2000°K ) 
Heat Capacity: C, == 11.71 4+ 1.22 x 16 ®T -2.18 « 10°T-? 
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HEAT CONTENT AND ENTROPY OF ZnO (¢) 
(Base, ileal yas at ZUR THK) 


a a i. Tacs ° | T { Hi, - — Hoy SUN | an. S, Sunn 1 
ae /mole | cal./mole cal./deg. 
mole 
“400 ..... 44995 2.28 “1000...... ~~ «BST 9.99 
600 2... 1605 4.19 | 1200 . 0... 7639 11.5% 
600 ..... 2435 5.61 1406 2... 9396 12,95 
TOO . 2.0. 3285 6.92 | 1600 ..... i1,160 14.13 
800 22... AAG 8.96 | $200 0.00, 12,930 ic AT 
900... 5005 9.02 [ 2000 2... 14-710 16.11 
ZnO (z): 
Enthalpy : Hy ~ Hoys,15 == 8.40T + 0.17 x 10°F? + 0.82 « 10°T 1 - 2795 
(0.3 percent ; 298-2000°K } 
Heat Capacity: C, =- 8.40 4. 0.34 x 10 °T?2-—0.82 « 10°T ? 
Heat Capacity, cal./deg./mole at 298°K: (solid) 9.62 9 
44832 sup 
_Temp,°K 20 80 50 100 150 200_300_500_700__900_ 
Cc, 0.17 060 1.98 424 622 720 966 112 118 12.2 
Also see equations above 
Decomposition Temperature, °K: 2250 + 25 8 
Heat of Decomposition [to Zn(g) and Q(g) ] 
Keal./mole: < 92 44832 sup 


Nacomnosi tier Products: to Zu +U (1076-1 7T4s-n) 


Vapor Pressure: 


Approx. Press. mm. 0.1 12 35 _ 12 769 


_Temp.°C «10001400140 «1500 «1700 


For Dissociation Pressure vs, Temp. see Ref f, 54V4 and 44V32 sup 
X-Ray Crystallographic Data: 
System Space Group a c Moleeutes/Unit Cell 
hexagonal C4, 3.242665 5.1948 2 
Hygroscopicity: Absorbs H.0 and CU. from air. The rate of absorption is 
greater the finer the oxide and increases with rising temp. 


Solubility Data: In water: .00016 g./100 ml. at 29°C 
In mineral acids, dilute acetic acid, NH,OH: soluble 

Health Hazard: Slight to moderately toxic. Zinc oxide is relatively inert, and 
virtually harmless except when freshly formed. It is an eye irritant, how- 
ever, and should not be allowed to come int» contact with the eyes. Fresh 
fumes of zinc oxide can cause “‘brassfounders ague” or “brass chills,” etc. 
(See Zinc.) 
M.A.C. mg./m. of air for an 8 hr. working day: 15 
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I Addn! Pet. 3 


Adadnt. Ref. 1 


44332 sup 


1 
93 


25 
29 


14 


fine Onade, Za) (pare i) 


Safety Classifications : 


OSM: not Listed 
ICG: not Listed 
Fire and Explosion Hazard: none risied 


Preccutions When Handling: 
Haadle carefully to avoid excessive “dasting.” Keep werk area clean, and 
wash hands frequent!y. 
Store in sealed cortainess away from acids. 
if it enters the eye, thorough washing of the eye in a bubole type fountain 
or inverted faucet will remove the irritating particles. Take the victira to a 
prysiian uamediately for examination and further treatment. 
Electrostatic Sensitivity : a 
Use in. Pyrotechnics: A product of the burning or oxidaticn of zine. Used in 
screening smoke compositions. 


Additional References: 


1) “Zine Oxide ReeLacovered,” UW, TE, Brown, Now dersey Zine Company, 
New York 


*) Pet 64 


3} 0 “The Starivtity of Gaseous Diatomic Oxides.” Brewer and Mastic, J. 
Chem. Phys., 79, 834 (1951) 


=. 


\ 
\ 
ZINC S'TEARATE yee 
Formula: Zn (CigH3:02) 2 | 
Specification No.: — | 
Molecular Weight: : 632.30 
Crystalline Form: Light powder, talc-like to touch, usually marketed as a fine { 16, Addnl. 
powder about 300-325 mesh. Ref. 1 
Color: white 
Density: 
Coefficient of Thermal Expansion: — 
Heat of Fu, mation: — | 
Free Energy of Formation: — 
Entropy: 
Melting Point: 403°K (130°C) 1 
Melis to a clear water-white liquid and cools to a translucent glassy mass | Addni. Re. 1 
, : of crystalline appearance and which is easily powdered. 
Heat of Fusion: 
Boiling Point: — 
Transition Point: a 
Heat of Sublimation: —. 
Heat Content or Enthalpy: — 
Heat Capacity: — 
Decomposition Tempcrature: — 
Decomposition Products: — 
Yapor Pressure: —- 
X-Ray Crystallographic Daia: —_— 
Hygroscopicity : nonhygroscopic 25 
i (repels water} 
i Solubility Data: 
: In water, a:cohol, ether: insoluble . 1 
In benzene: soluble 
| “femp.°C_GH,OHTolual — “Adal. Re: 4 : 
| 35d | 
i 50 0.06 0.27 ‘ 
: 75 1.88 1.98 ; 
160 6.56 4.97 Z 


*g. of stearate/100 g. solvent. i 
For additional solubility data see Addnl. Ref. 3 i 
Health Hazard: low 12, 29 
Inhalation 01 the powder can lead to pulmonary inflammation. 
Safety Classifications: 
OSM: not listed 
Icc: : not listed 


EE eres tFRe PE mes, 
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Zine Stearate (page 2) 


Tire and Explosion Hazard: 


Avtlotgnitton Pann, oi: ra) Vey 
Flash Point (open cup), °F: 580 
Electrostatic Sensitivity : 
asa retardant, fuel, 17 


Use in Pyrotechnics: 


and binder 


Additional References: 


1) 


2) 
3) 


“Metallic Soaps—Their Uses, Preparation and Properties,” W. F. Whit- 
more and M. Lauro, Ind. Eng. Chem., 22, 646 (1930) 


“Aero Metallic Stearates,” (pamphiet) American Cyanamid Co, (1960) 


“The Solubility of Zinc Soaps in Organie Solvents,” E. P. Martin and 
R.C. Pink, J. Chem. Soc. 1750 (1948) 
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ZIRCONIUM, Zr 


Specification No.: PAPD-464 
Specification PAPD-464 covers two classes which differ in purity. A type 
of zirconium powder has heen developed which is made by a new process, 
and has three granulations A, B, and C. This new type is covered by new 
specification FA-PD-MI-2364. Granulations A end B of this type are 
packed, shipped, and handled dry. Granulation C ~f this type is packed, 
shipped, and stored under water, 
Molecular Weight: 91.22 
Crystalline Form: cubic 
Color: The buik metal is silvery white to grey. Dry colloidal Zr and finely pul- 
‘verized Zr are black and resemble carbon in appearance. Coarser granula- 
tions are zeel-grey in color.and look like crushed cast ircn. ; 
Density, g./mi.: (solid) 6.49 
Coefficient of Thermal Expansion, linear: 
hexagonal, a form (298-1143°K )—linear 


along a axis: : 5.5 & 104 
along c axis: 10.8 x 10? 
cubic, 8 (1143-1600°K) : 9.7 x 10% 
Range °C Coeff. (linear) 
—183 to 0 46-5.1 K 104 
0-20 4.6-5.9 < 10* 
20-200 5.4 x 106 
20-400 6.1 104 
20-700 1.1 10° 
Heat of Fermation, Keal./mole at 298°K: (gas) 125 
Free Frergy of Formation, Kcal./mole at 298°K: (gas) 115 
Ent-opy, cal./deg./gm. at 298°K: (c) 9.29 
(gas) 43.31 


See Tables a and b- 


Melting Point: 
Heat of Fusion, cal./mole: 
Boiling Point: 


2125°K (1832°C) 
4000 
4650°K (4377°C) 


Ref. 29 gives 3577°C (3850°K). Other refs. vary appreciably. 


Heat of Vaporization, c: './mole: 
Transition Point, °K: 


Heat of Transition, cal./mole: 
Heat of Sublimation, cal./mole: 


Heat Content or Enthalpy, cal./mole at 298°K : 


See equations below 


139,000 
1135 


$20 
146,000 
(solid) 1313 


Kefs. 


1, 28, 29 


39 
28. 39, 50V15 


27 
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Zirconium, Zr (page: 2) 


a. HEAT CONTENT AND ENTROPY OF Zr (c, 1) 4 
(Base, crystals at 298.15°K} 
T, °K Ye — Hoss is Sy — Sose.is T, °K Hy ~ Hoss.is Sx — Sose.1s 
cal./moie cal./deg. cal./mcle cal./deg. 
EE a eee ues mole ™ mole 
400 . 2... 650 187 | 1600 ..... 10,680 12.98 
500 2.2... 1339 3.39 =| 1700 7.2... 11,470 13.46 
600 eae 2030 466 | 1800 ..... 12,266 13.91 
MOQ is onda 2749 5.76 900 ..... 13,050 14.33 
poo . 3460 6.72 | 2000 ..... 13,840 14.74 
900 ..... 4200 7.59 | 2100 ..... 14,630 15.12 
1000 ..... 4980 8.41 dienes 14,870 15.24 
1100 2.2... 5800 9.20 re 19,770 17.54 
11385 (a)... 6090 9.46 2200 ..... 20,330 17.80 
1185 (Bp)... 7005 10.26 | 2400 ..... 21,930 18.49 
1200 ..... 1520 10.70 | 2600 ..... 23,530 19.13 : 
1300 ..... 8310 11.33 | 2800 ..... 25,130 19.72 . ;: 


1400 ..... 9100 11.92 | 3000 ..... 26,730 20.28 


Zr (a) : 
Enthalpy : Hr - Hoos.15 == 6.50T + 0.71 «& 10-°T? 4- 0.82 x 105T-! ~ 2276 
(0.7 percent ; 298-1135°K) 
Heat Capacity : C, = 6.50 +- 1.42 & 10°T-— 0.82 « 10°T? 
Zr (8): 
Enthalpy : By ~ Hogs .15 == 7.90T ~ 1960 (0.1 percent ; 1135-2130°K ) 
4 Horgo (fusion) == 4900 
\ Zr (1): 
Enthalpy : Hr — Heog.15 = $.00T + 2730 (0.1 percent ; 2130-3000°K) 


b. HEAT CONTENY AND ENTROPY OF Zr (g) 
_ (Base, ideal gas at 298.15°K) 


4 


a °K Hy - Azo, a) Sr- Soos.is T, oK Hy - Hoos.is Sr = Sozs.15 
cal./mole cal./deg. cal./mole cal./deg. 

mole mole 
400 ..... 665 192 | 1900 ..... 10,325 11.92 
AO... 1325 339 | 2000 ..... 11,025 12.28 
600... 1980 458 | 2200 ..... 12,450 12.96 
TWO... 2620 f.57 | 2400 ..... 13,905 13.59 
WOO S244 6.40 2600 ..... 15,390 14.18 
900 ..... 3870 7.13 | 2800 ..... 16,900 14,74 
1000 2... .. 4475 1.78 3000 ..... 18,435 15.27 
W00 2... 5085 8.36 3500 .  ... 22,41C 16.50 
1200 2.00. 5705 26,575 17.61 
1300 7... 6335 30,925 18.63 
1400 ..... 6970 35,430 19.58 
160 2. 7620 44,750 21.28 
1600 2.2... 8280 54,235 22.74 
ETO on ss 89590 63,645 24.00 

BOO LL. 9630 — 
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Zirconium, Zr (page 3) 


Zr (g): 
Enthalpy : Hy — Hoos.15 == 7.01T — 0.85 oT + 0.88 x 10°T-1 — 2186 
(0.7 percent ; 298-1400°K) 
Heat Capacity : C, = 7.01-0.70 « 10°T -0.38 « 10°T-2 
Enthalpy : Hy ~ Heos.15 = 5.59T + 0.86 « 10-°T? - 0.50 « 10°T-! ~ 1531 
(0.3 percent ; 1400-6000°K) 
Heat Capacity : C, = 5.59 + 0.72 « 10°T + 0.50 x 10°T-? 


Heat Capacity, cal./deg./mole at 298°K : (iquid) 8.00 4,5 
(aform) 6.01 
(8 form) 7.90 


c. HEAT CAPACITY OF Zr 


(Solid I, 298—2143°K ; Solid II, 1143-2125°K; 
Liquid, 2125-3000°K) 


T, °K C° (cal./deg./mole) 
298 6.01 
400 6.86 
600 6.88 
800 1.84 
1000 7.79 
1100 8.01 
1200 6.79 
1600 7.43 
2000 8.07 
2100 8.23 
2200 
to 
3000 8.00 — 
See also equations ahove 
) -omposition Temperature: — 
~.  iposition Products: —— 
Vapor Pressure: For 1949-2054°E the following equation holds: 39 
log P (atm.) == -31,066/T + 7.3361 - 2418 x 10+ (where T = absolute temp.) 
_Press.aim. 0 10* 20? 
_Temp.°K 2450. 2700 3000 _ 3850 
X-Ray Crystallographic Dat: : 

System Space Gzip a c Molecules/Unit Cell 
hexagonal D4, 3.228 5.123 2 1 
cubic Of 3.61 28 

Hygroscopicity : se 


Solubility Data: Insoluble in water. Soluble in HF, aqua regia, hot phosphoric {1 
acid. Slightly soluble in acids. 


| 
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Zirconium, Zr (page 4) 


Safety Classifications : 


OSM: (dust) class 1 
Icc: flammable solid ; 
yellow label 


Fire and Explosion Hazard: Dry Zr powder sr sponge ig a pyrophoric sclid 
liable to spontaneous combustion and bers in air with intense heat, It 
may explode particularly in the presence «f water due to evolution of 
hydrogen. The expiosive range of dust clouds of Zr powder in air is about 
45 to 300 mg./l. The range of fire and explosicn is increased by heat and 
the presence of oxidizers. 

Caution: Do not use water to fight fire. Use special mixtures of dry chem- 
ical salt, dry sand, or powdered talc. Use only nonsparking tools for repair 
or maintenance in storage areas. 


Health Hazard . Zirconium powder is believed to be nontoxic. Zirconium and its 
alloys explode when treated with nitric acid. 
M.A.C., mg./m.®: 

Precautions When Handling: 
Zirconium powder (PAPD, is shipped and stored wet, In no case should it 
be shipped ond stored in anything larger than a one-gallon can, nor should 
the moisture content be reduced to less than 25 percent by volume. Powder 
containing 5-15% water is extremely dangerous. When once ignited, it 
burns even more violently than the dry powder, All operations with the 
powdered metal must be performed in an inert atmosphere, and persons 
working with it require protective ciothing including gloves and face prw- 
tection. Waate zirconium powder, rags, and other materizis that have come 
in contact with it must be ted from cther wastes, iramersed in 
water, and disposed of at once. At ordinary temperature Zr is not very reac- 
tive as a thin protective coating of oxide on the surface is formed. 
Zr readily combines with oxygen and the rate is appreciable at 200°C. The 
enercy of activatior. of the reaction has been determined as 18.2 Keal./mole 
and the entropy of activation as -25.6 cal./mole. 
ae combines not only with oxygen, tut also with nitrogen, carbon, and 
silicon. - 


At high temperatures Zr burns with a brilliant white iight. When the hot | 


metal is treated vith steam at 790-800°C, free hydrogen ‘s evolved. 
Autoignition Temperature: 500°F 

See FA-PD-M 1-2364 for handling the new type of Zr. 
Electrostatic Sensitivity (minimum energy required for ignition of powder by 


electric sparks, millijoules) : (dust cloud) 5 
(dust layer) 0.001 


Use in Pyrotechnics: As 4 fuel, and a component of nongaseous fuze powders. 


Additional References : 
1) “The Explosive Characteristics of Titanium, Zirconium, Thorium, 
Uranium, and Their Hydrides,” I. Hartmann et a’., Bureau of Mines, 
R148385 (Dec. 1951) 
2) “Metallurgy of Zirconium,” B. Lustman and F.. Kerze, Jr.. McGraw-Hill 
Book Company, New York (1955) for data on the various physical 
properties of Zr. 


12, 14, 15, 
2 


at, 


49, 51, 75 


93 
12 


28 


28 


7 


ZIRCONIUM HYDRIDE, ZrHI, (not a definite chemical) Refs. 


Zirconium readily absorbs hydrogen even at room temperature, forming | 28, 89, Addnl, 
brittle, metallic-like materials whese compositions vary with the amount of Ref, i 
hydrogen absorbed and approgch ZrH, us the limiting maximum hydrogen con- 
tent. The absorption is reversible and at constant pressure decreases with 
increasing temperature. The optimum temperature for absorption of H by Zr 
is given as 300°C. However, the data of Addn. Ref. 4 shew a higher cbserption 
at 20° and 150°C, i.e., 24,000 ce. at S.T.P. per 100 g. of metal and 23,700 cc. at 
300°C. The absorption of H by Zr is exothermic and results in a large increase 
in volume, approximately 15%. Tl.e absorbed H, is completely liberated at about 
800°C. Absorption depends to some extent on the surface condition of tiie Zr. 
od Zirconium hydrides have been prepared by 

1) Heating the prepared metal with Ho. 
2} Forming the metal in the presence of Hy. 
; 3) Treeting ZrO. with GaK, at 800-1690° in an atmosphere of H.. 


Although Zr and H, do not form definite compounds, five well-defined 
crystal phases of the two are recognized. These have been designated a, f, etc. 
The & phase is a face-centered tetragonal phase which includss the range from 
Zr 1.67 to close to ZrH,, and corresponds to about 66.7 atom % of Ho. 


Vapor Pressure: 


; Specificrtion No.: MIL-Z-21353 
4 Molecular Weight: 93.24 
. Crystalline Form: powder 1 
Color: dark grey to black 1, 29 
Density, g./ml.: (solid) 5.6 1Z 
5.74 50V15 
Coefficient of Therma! Expansion: — 
Heat of Formation for ZrH, 99, Kceal./mole: 38.9 50V15 
Free Energy ef Formation: — 
Entropy: Se 
Melting Point: die 
Heat of Fusion: —- 
Boiling Point: _— 
Transition Point: — 
Heat of Sublimatiou: — 
j Heat Content or Enthalp,: — 
| Heat Capacity: — 
f Decomposition Temperature: apparent above 100°C 28 
Decomposition Products: hydrogen driven off 


Zireccalum Hydride, ZrH, (page 2) 


X-Ray Crystallographic Data(for a hydrogen content approaching ZrH,) : 


Molecules / 
System Snace Group a c Unit Celi 
tetragonal 4,864 4.440 
tetragonal (€ phase) 3.513 4.450 4 
Hyyroscopicity : arma 
Solubility Data: == 
Health Hazard: —- 
Safety Classifications: ——= 
OSM: not listed 
ICC: not listed 


Fire and Explosion Hazard: Dangerous, due to evolution of hydrogen. At higher 
peratures ZrH, reacts with oxygen and with oxygen containing com- 
pounds. It may ignite and explode with water. 
See also Ref. 44V42 


Electrostatic Sensitivity (minimum energy required for ignition of powder by 


electric sparks, millijoules) : (dust cloud) 60 
(dustiayer)  .064 
Activation Energy, at 1 atm., cal./mole: 17,200 + 200 
Use in Pyrotechnics: in igniting flares and as 
a fuel 
_Minimum Explosive Concentration of Zirconium Hydride Powder, mg./l.: 

See Also Addn]. Ref. 1 85 

Autoignition Temperature, 300-600°C : (dust cloud) 350 


(dust layer) 270 


Additional References: 
1) T. B. Douglas saad A. C. Victor, J, Research N.B.S, 61,18 (1958). 
2) “The Explosive Characteristics of Titanium, Zirconium, Thorium, 
Uranium and Their Hydrides,” I. Hartmann et 4]., Bureau of Mines, 
RI 4885 (1951) 
8) “The Crystal Structures of ThH,; and ZrH,”, R. Rundle et al., Z. Phys. 
Chem. 11B, 488 (1981) 


4) Hall et al., Tran. Far. Soc. 41, 306 (1945) cited in Ref, 40 


28 


Addnl. Ref. 3 
44542 


12, 39 


26 
17 


26 


28, 26 


: ZIRCONIUM-NICKEL ALLOY (Powdered) Refs. 
Poeuiule : (Spec.) Zr/N : 70/30 


and 30/70 
Specification No.: MIL-Z-11410A 
The specification covers two: types, Type 1 ig a 70/30 and Type Ii a 30/70 
Zr/Ni alloy. 
Molecular Weight: : —_—— 
Crystalline Form: cubic 
Color: silver white to grey 
Density, g./ml.: (solid) 6.4 


Coefficient of Thermal Expansion: —_——— 
Heat of Formation: — 
Free Energy of Formation: —- 
Entropy: — 
"oF Melting Point: -—— 
Heat of Fusion: _—— 
Boiling Point: _—_- 
Transition Point: —- 
Heat of Sublimation: _—— 
Heat Content or Enthalpy: —. 
Heat Capacity: nd 
Decomposition Temperature: — 
Decomposition Products: —_—- 
Vapor Pressure: — 
X-Ray Crystallographic Data: —— 


Hygroscopicity : 
alkalies 
Health Hazard: —-- 
Safety Classifications: 
OSM: (dust) class 2 
Icc: not listed 
Fire and Explosicn Hazard: The specification requires that the alloy be packed 
in heat sealed inert plastic liners, such as polyethylene. in new clean metal 
containers. 
Electrostatic Sensitivity: — 
Use in Pyrotechnics : asafuel;a 


vigorous deoxidizer 


Additional References: 


. 1) For the Zr-Ni system up to 40% Ni see E. T, Hayes et al., ‘The Zir- 


Solubility Data: resistant to acids and 
: conium-nickel diagram,” Trans. Amer, Soc. Metals, 45. 89S (1983) 


837 


OU. & COVERAMENT PRINTING OVrli Rise O - dt e-eat 


PRESS ER PRETO TE 


